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WHFKQRORJLFDOOLPLWDWLRQVZKLFKDUHKLQGHULQJSURJUHVVDQGQHHGWREHDGGUHVVHG

:HQRZUHYLHZWKHOLWHUDWXUHUHJDUGLQJTXHVWLRQVVHQVRUVGDWDDQGDQDO\VHVDQGH[HPSOLI\
WKH OLQNV EHWZHHQ WKH QRGHV RI WKH ,%) :H FRQFOXGH E\ KLJKOLJKWLQJ DUHDV IRU IXWXUH
GHYHORSPHQW

)URPTXHVWLRQVWRVHQVRUV
5HVHDUFKHUVFDQFKRRVHEHWZHHQDQHYHULQFUHDVLQJQXPEHURIGLIIHUHQWELRORJJLQJVHQVRUV
7DEOH6,7DEOH)ROORZLQJWKHDGDJHWKDWH[SHULPHQWDOGHVLJQVKRXOGEHJXLGHGE\WKH
TXHVWLRQVDVNHGHJ)LHEHUJ	%|UJHU+HEEOHZKLWH	+D\GRQVHQVRUFKRLFH
LV FOHDUO\ FULWLFDO +HUH ZH FRQVLGHU VHQVRU VHOHFWLRQ ZLWKLQ WKH JHQHUDO VFKHPH RI NH\
PRYHPHQWHFRORJ\TXHVWLRQVSRVHGE\1DWKDQHWDODQGSURYLGHDQH[DPSOHIRUWKHXVH
RIWKH,%)LQDTXHVWLRQGULYHQDSSURDFKWRVWXG\GHVLJQ)LJXUH

1.1 Where is the animal going? 
$5*26*36DQGUHODWHGVDWHOOLWHDQGJOREDOQDYLJDWLRQV\VWHPVDVZHOODVDFRXVWLFWUDFNLQJ
DUUD\VDQGJHRORFDWRUVKDYHUHYROXWLRQLVHGLQIRUPDWLRQRQDQLPDOORFDWLRQVDQGPRYHPHQWV
.D\V HW DO  %LRORJJLQJ VHQVRUV SDUWLFXODUO\ LQ FRPELQDWLRQ ZLWK VXFK ORFDWLRQDO
WUDFNLQJGHYLFHVFDQIXUWKHUKHOSGHWHFWZKHUHDQLPDOVPRYH)RUH[DPSOH+HGHQVWURPHWDO
FRPELQHGJHRORFDWRUDQGDFFHOHURPHWHU WDJV WR UHFRUGIOLJKWEHKDYLRXURIPLJUDWLQJ
VZLIWV DQG 6KLSOH\ .DSRRU 'UHHOLQ 	 :LQNOHU  XVHG PLFUR EDURPHWULF SUHVVXUH
DOWLWXGHVHQVRUVJWRXQFRYHUWKHDHULDOPRYHPHQWVRIPLJUDWLQJELUGV$NH\OLPLWDWLRQ
RI WHOHPHWU\ GHYLFHV LV WKDW WUDQVPLVVLRQ WHFKQRORJ\ FDQ IDLO VXFK DV ZKHQ FDQRS\ FRYHU
LPSHGHV *36 VDWHOOLWH IL[HV 5HPSHO 5RGJHUV 	 $EUDKDP  +RZHYHU ZLWK WKH
FRPELQHGXVHRILQHUWLDOPHDVXUHPHQWXQLWV,08VDQGHOHYDWLRQGHSWKUHFRUGLQJVHQVRUVLWLV
SRVVLEOHWRUHFRQVWUXFWDQLPDOPRYHPHQWVLQ'DQG'XVLQJDGHDGUHFNRQLQJSURFHGXUH
LUUHVSHFWLYHRIWUDQVPLVVLRQFRQGLWLRQV%LGGHUHWDO%UDPDQWL	'DOO¶$QWRQLD
7KLV XVHV WKH VSHHG LQFOXGLQJ VSHHGGHSHQGHQW G\QDPLF ERG\ DFFHOHUDWLRQ '%$ IRU
WHUUHVWULDO DQLPDOV%LGGHU4DVHP	:LOVRQFRPELQHGZLWKDQLPDOKHDGLQJ IURP
PDJQHWRPHWHUGDWDDQGFKDQJH LQDOWLWXGHGHSWKSUHVVXUHGDWD WRFDOFXODWH WKHVXFFHVVLYH
PRYHPHQW YHFWRUV RULHQWHG VWHSV IURP D NQRZQ VWDUWLQJ SRVLWLRQ 7KH SURFHVV JLYHV
H[WUDRUGLQDULO\ILQHO\UHVROYHGUHODWLYHPRYHPHQWLWFDQIRUH[DPSOHGHWHUPLQHKRZPDQ\
WLPHVDGRJKDVZDONHGDURXQGDWUHHLQVFHQWPDUNLQJDFWLYLW\EXWLWFDQDFFXPXODWHHUURUV
2SWLPDOXVHRIELRORJJLQJLQPRYHPHQWHFRORJ\


RYHUWLPHHVSHFLDOO\LQIOXLGPHGLDZLWKFXUUHQWIORZ7KHUHIRUHGDWDXVHGLQGHDGUHFNRQLQJ
QHHGFRUUHFWLQJZLWKIUHTXHQWJURXQGWUXWKLQJVXFKDVE\D*36XQLW %LGGHUHWDO
*36HQDEOHGGHDGUHFNRQLQJLVDQLQFUHGLEO\SRZHUIXOFRPELQDWLRQRIVHQVRUV\VWHPVZKLFK
PD\EHFRPHSDUDGLJPVKLIWLQJZLWKLQDQLPDOPRYHPHQWVWXGLHV:LWKWKLVUHVHDUFKHUVZLOO
KDYHDFFHVVWRPXOWLSOHVFDOHVRIPRYHPHQWDQGVHDPOHVVDQLPDOPRYHPHQWGHVFULSWRUVDQG
ZLOOEHDEOHWRLGHQWLI\WUXHWXUQSRLQWVLQWKHGDWD3RWWVHWDOVHH)LJXUHDQGVHFWLRQ
 EHORZ ,Q WXUQ WKH LPSURYHG WUDFN WUDMHFWRU\ VKRXOG DOORZ XV WR FRQQHFW EHKDYLRXU WR
ODQGVFDSHHFRORJ\DQGSRSXODWLRQG\QDPLFVZLWKLQFUHDVHGFRQILGHQFH0RUDOHVHWDO

1.2 How is the animal moving?
$W WKH VPDOOHVW VFDOH ORFRPRWLRQ DQLPDOV PRYH DFFRUGLQJ WR WKHLU DQDWRP\ DQG WKH
ELRPHFKDQLFVWKDWWKLVHQJHQGHUVZLWKREYLRXVGLIIHUHQFHVEHWZHHQDQLPDOVRSHUDWLQJLQIOXLG
PHGLDDLURUZDWHURURQWKHJURXQG%LHZHQHU	3DWHN,QHVVHQFH ORFRPRWLRQLV
PDQLIHVWHGE\SDUWLFXODUSDWWHUQVRIPRYHPHQWE\WKHYDULRXVERG\SDUWVPRVWQRWDEO\OLPEV
VRWKDWPRWLRQVHQVLWLYHWUDQVGXFHUVFDQSURYLGHFULWLFDOLQIRUPDWLRQZLWKUHVSHFWWRWKHSDWWHUQ
DQGLQWHQVLW\RIPRYHPHQWVDQGWKHUHE\GHULYHFULWLFDOZKROHDQLPDOPRYHPHQWSDUDPHWHUV
VXFK DV VSHHG DQG GLUHFWLRQ 7KH SULPDU\ VHQVRUV XVHG IRU WKLV LQFOXGH DFFHOHURPHWHUV
PDJQHWRPHWHUVDQGJ\URPHWHUVRIWHQFROOHFWLYHO\JURXSHGZLWKLQLQHUWLDOPHDVXUHPHQWXQLWV
>,08V@ HJ 1RGD .DZDEDWD $UDL 0LWDPXUD 	 :DWDQDEH  $FFHOHURPHWHUV DQG
PDJQHWRPHWHUV FDQEHXVHG WR LQIHU WKH'SRVWXUH DQGRULHQWDWLRQ LH D]LPXWK HOHYDWLRQ
DQJOHDQGEDQNDQJOHVVHH6,7DEOH IRUDJORVVDU\RI WHUPVGXULQJ ORFRPRWLRQZKHUHDV
J\URPHWHUV SURYLGH GLUHFW PHDVXUHV RI \DZ SLWFK DQG UROO VHH %HQKDPRX  IRU WKH
PDWKHPDWLFDOUHODWLRQVKLSVEHWZHHQWKHVHSDUDPHWHUV,QDGGLWLRQYDULRXVLWHUDWLRQVRIVSHHG
GHWHFWLQJ V\VWHPV VXFK DV DQWHULRUO\ PRXQWHG SURSHOOHUV 5RSHUW&RXGHUW HW DO 
:DWDQDEHHWDO IOH[LEOHSDGGOHV 6KHSDUG:LOVRQ/LHEVFKHWDODQG3LWRW
WXEHVDUHDOVRXVHG7D\ORU5H\QROGV	7KRPDV,PSRUWDQWO\WKHVSHHGDWZKLFKDQ
DQLPDO LV PRYLQJ SURYLGHV LQIRUPDWLRQ RQ WKH XUJHQF\ ZLWK ZKLFK WKH PRYHPHQW LV EHLQJ
XQGHUWDNHQ :KHQ PRYLQJ DQLPDOV GHYLDWH IURP PLQLPXP FRVW RI WUDQVSRUW FI 6FKPLGW
1LHOVHQ LW LQGLFDWHV WLPHEDVHGVHOHFWLRQSUHVVXUHV WKDW LQFLWHDQLPDOV WRPRYHQRQ
RSWLPDOO\LQHQHUJHWLFWHUPVWKHUHDVRQVIRUZKLFKPD\EHFULWLFDOIRUOLIHWLPHILWQHVVDQGRQO\
EHFRPHDSSDUHQWpost hoc HJ6KHSDUG:LOVRQ4XLQWDQD/DLFK	)RUPDQ6HQVRUV
DUHWKXVUHTXLUHGWRUHFRUGLQIRUPDWLRQIURPZKLFKZHFDQTXDQWLI\WKHHQHUJHWLFVRIDQLPDO
ORFRPRWLRQDVZHOODVWKHFRVWVDQGEHQHILWVRIEHKDYLRXUV6HYHUDOVHQVRUVSURYLGHSUR[LHV
IRU R[\JHQ FRQVXPSWLRQ D?D?(? LQFOXGLQJ KHDUW UDWH ORJJHUV *UHHQ  DQG WULD[LDO
2SWLPDOXVHRIELRORJJLQJLQPRYHPHQWHFRORJ\


DFFHOHURPHWHUV WKURXJK WKH FRPSXWDWLRQ RI G\QDPLF ERG\ DFFHOHUDWLRQ '%$ UHYLHZHG LQ
:LOVRQHWDO,QGHHGWKHFRQWLQXHGUHILQHPHQWRIWKHVHSUR[LHVRISRZHUXVHRQHRI
WKHPRVWIXQGDPHQWDOFXUUHQFLHVLQWKHDQLPDONLQJGRPZLOOEHSLYRWDOLQSURYLGLQJFULWLFDO
PLVVLQJ LQIRUPDWLRQ ZLWKLQ SUHYLRXVO\ HVWDEOLVKHG PRYHPHQW IUDPHZRUNV VXFK DV RSWLPDO
IRUDJLQJ0F1DPDUD	+RXVWRQ3\NH

6HQVRUV WKDW GHWHFW ERG\ PRYHPHQWV PD\ DOVR SURYLGH NH\ LQIRUPDWLRQ UHODWLQJ WR
ELRPHFKDQLFDO TXHVWLRQV VXFK DV KRZ VWURNH IUHTXHQF\ UHODWHV WR VWURNH DPSOLWXGH )RU
H[DPSOH PDJQHWV XVHG ZLWK +DOO VHQVRUV VHQVRUV GHWHFWLQJ PDJQHWWUDQVGXFHU SDLUHG
PDJQHWLF ILHOGSURSHUWLHV+DOOVHH67DEOHFDQTXDQWLI\ WKHDPSOLWXGHDQJXODU
YHORFLW\DQGIUHTXHQF\RI OLPEPRYHPHQWVRIPDULQHPDPPDOV:LOVRQ	/LHEVFK
SURYLGLQJLQVLJKWVLQWRHQHUJ\VDYLQJPHFKDQLVPV1DVVDU-DFNVRQ	&DUULHU$QLPDO
ERUQHYLGHRRUDXGLRPD\SURYLGHVLPLODULQIRUPDWLRQIRUH[DPSOHEHLQJDEOHWRUHODWHIOLSSHU
EHDW IUHTXHQFLHV LQJUHHQ WXUWOHV Chelonia mydas+D\V0DUVKDOO	6HPLQRIIDQG
HPSHURUSHQJXLQVAptenodytes forsteriYDQ'DP3RQJDQLV3RQJDQLV/HYHQVRQ	0DUVKDOO
 WR GLYH VWUDWHJLHV +DOO VHQVRUV FDQ DOVR PHDVXUH UHVSLUDWLRQ UDWHV DQG H[WHQW RI
LQKDODWLRQKHDUWUDWHVDQGHYHQSDWWHUQVRIGHIDHFDWLRQSURYLGLQJLQIRUPDWLRQRQWKHRSWLPDO
EUHDWKLQJVWUDWHJLHVDQGUDWHVRIGLJHVWLRQ:LOVRQHWDOFDVHVZKHUHPRXQWHG
DFFHOHURPHWHUVZRXOGEHOLPLWHGGXHWRPRYHPHQWEHLQJPDLQO\WUDQVORFDWLRQDO,QDGGLWLRQ
WKHVH EHKDYLRXUV FDQ DOVR EH GHWHFWHG IURP RQERDUG YLGHRV <HW IHZ VWXGLHV XVH WKHVH
WHFKQLTXHVSHUKDSVEHFDXVHUHVHDUFKHUVILQGWKHPDJQHWLFILHOGLQWHQVLW\GURSRIIZLWKGLVWDQFH
LQWUDFWDEOHDQGEHFDXVHDW WKHWLPHWKHVWXGLHVZHUHSXEOLVKHG LWZDVQRWSRVVLEOHWRVWXG\
DQJXODU FKDQJHV EHWZHHQ PDJQHW DQG VHQVRU LI GLVWDQFHV ZHUH KHOG FRQVWDQW ,QHUWLDO
PHDVXUHPHQWXQLWV,08VKDYHFKDQJHGWKLVVRZHWKLQNWKDWWKHIXWXUHRIPLQLDWXUH,08V
KROGV SURPLVH IRU UHVHDUFKHUV WR GRFXPHQW PLQXWH FKDQJHV LQ ERG\ PRYHPHQW DQG IRU
TXDQWLI\LQJPRWLRQFDSDFLW\IURPOLPEPRYHPHQWV

1.3 What is the animal doing?
$OORFDWLQJEHKDYLRXUVWRVSDFHLVNH\WRXQGHUVWDQGLQJDQLPDOQLFKHUHTXLUHPHQWVDQGWKHOLQN
EHWZHHQ EHKDYLRXU DQG ILWQHVV FRQVHTXHQFHV 6LQFH WKH ZRUN E\ <RGD HW DO  XVLQJ
DFFHOHURPHWHUV WR GHWHUPLQH DQLPDO EHKDYLRXU WKHUH LV D ULFK DQG YDULHG OLWHUDWXUH WKDW
GRFXPHQWV LQFUHDVLQJO\ VXFFHVVIXO PHWKRGRORJLHV IRU GHWHUPLQLQJ DQLPDO EHKDYLRXU IURP
YDULRXVVHQVRUGDWDHVSHFLDOO\DFFHOHURPHWHUV1DWKDQHWDO6KHSDUG:LOVRQ4XLQWDQD
HWDODQGPDJQHWRPHWHUV:LOOLDPVHWDO7KXVLWLVQRZSRVVLEOHWRH[WUDFWD
2SWLPDOXVHRIELRORJJLQJLQPRYHPHQWHFRORJ\


UHPDUNDEOHDPRXQWRI LQIRUPDWLRQ UHJDUGLQJEHKDYLRXUEH\RQG WKDWRI OLPEDQGERG\SDUW
PRYHPHQWDVGHWHFWHGIURPWULD[LDOVHQVRUV

,Q SDUWLFXODU TXDQWLI\LQJ WKH W\SH DQG DPRXQW RI IRRG LQJHVWHG E\ DQLPDOV LV HVVHQWLDO WR
DQVZHULQJVRPHRI WKH³ELJTXHVWLRQV´ LQPRYHPHQWHFRORJ\VXFKDVKRZDQLPDOVPDQDJH
WKHLUHQHUJ\EXGJHWVLQWKHZLOGFI.UHEV	'DYLHV)RUH[DPSOHFRPELQLQJ*36DQG
'%$ PHDVXUHV GHULYHG IURP WULD[LDO DFFHOHURPHWHUV DOORZV XV WR EHWWHU XQGHUVWDQG WKH
HQHUJHWLFVXQGHUO\LQJSUH\FDSWXUHEHKDYLRXURI ODUJH WHUUHVWULDOSUHGDWRUV :LOPHUV ,VEHOO
6XUDFL	:LOOLDPVZKLOHWKHGULIWDQGEXR\DQF\LQIHUUHGIURPWLPHGHSWKUHFRUGHUV
FDQSURYLGHLQIRUPDWLRQRQWKHIRUDJLQJVXFFHVVRIPDULQHSUHGDWRUV$EUDKPVHWDO$
IXUWKHU UHILQHPHQW LV SURYLGHG E\ LQGLUHFW SDUDPHWHUV VXFK DV WKRVH REWDLQHG E\ PHDQV RI
VHQVRUVWKDWGHWHFWVWRPDFKRHVRSKDJHDORUYLVFHUDOWHPSHUDWXUHZKLFKFDQSURYLGHLQYDOXDEOH
LQVLJKWV LQWR DFWXDO SUH\ FDSWXUHV :HLPHUVNLUFK *DXOW 	 &KHUHO  :HLPHUVNLUFK
3LQDXG3DZORZVNL	%RVW:LOVRQ&RRSHU	3O|W]$QLQWULJXLQJDOWHUQDWLYH
LVEDVHGRQDWWDFKLQJD+DOOVHQVRUWRRQHPDQGLEOHRSSRVLWHDPDJQHWDWWDFKHGRQWKHRWKHU
PDQGLEOH EXW WKH HWKLFDO LPSOLFDWLRQV DQG IHDVLELOLW\ PXVW EH ZHOO FRQVLGHUHG 7KH LQWHU
PDQGLEXODUDQJOHFDQEHGHWHUPLQHGE\PHDVXULQJFKDQJHVLQPDJQHWLFILHOGVWUHQJWK:LOVRQ
6WHLQIXUWK5RSHUW&RXGHUW.DWR	0XULWD7KLVDSSURDFKZKLFKKDVEHHQHPSOR\HG
LQVHYHUDOPDULQHDQGWHUUHVWULDOVSHFLHVFDQSURYLGH LQIRUPDWLRQDERXWERWK WKHQXPEHURI
IRRGLWHPVDQGWKHW\SHRIIRRGLQJHVWHG5RSHUW&RXGHUWHWDO,QGHHGVXFKLVWKHGHWDLO
SURYLGHG E\ WKHVH VHQVRUV WKDW VWXGLHV DUH QRZ DEOH WR H[DPLQH IRRG DFTXLVLWLRQ ZLWKLQ D
SUREDELOLVWLFIUDPHZRUNDQGWKHUHE\PDNHSUHGLFWLRQVDERXWKRZIRRGDEXQGDQFHPD\DIIHFW
SRSXODWLRQV:LOVRQ1HDWHHWDO

2EWDLQLQJGLUHFWREVHUYDWLRQVPD\VRPHWLPHVEHHVVHQWLDOHLWKHUEHFDXVHUREXVWFDOLEUDWLRQRI
ELRORJJLQJVHQVRUVLVGLIILFXOWRUEHFDXVHWKHVWXG\¶VDLPLVWRGRFXPHQWSDUWLFXODUEHKDYLRXUV
LQJUHDWGHWDLOVXFKDVSUH\FDSWXUHVDQGVRFLDOLQWHUDFWLRQV0F,QQHV0F*HRUJH*LQVEHUJ
3LFKHJUX	3LVWRULXV3DJDQRHWDO:DWDQDEH	7DNDKDVKLRUWRSURVSHFW
IRU XQGLVFRYHUHG EHKDYLRXUV VXFK DV XQXVXDO IRUDJLQJ WHFKQLTXHV 5XW] %OXII :HLU 	
.DFHOQLN8QGHUWKHVHFLUFXPVWDQFHVYLGHRORJJHUVDUHWKHPHWKRGRIFKRLFHRUVWLOO
LPDJH ORJJHUV LI ORQJHU UHFRUGLQJ WLPHVDUH UHTXLUHGDQGD ORZHU IUDPH UDWH LVDFFHSWDEOH
&DPHUDVPD\DOVRRIIHUWKHRSSRUWXQLW\WRDVVHVVZKDWDZLOGDQLPDOVHHVLQWKHILHOG0ROO
0LOOVSDXJK%HULQJHU6DUWZHOO	+HVRWKDWHQYLURQPHQWDOLQIRUPDWLRQFDQEHIDFWRUHG
LQWRIRUDJLQJHIILFLHQF\6XWWRQ+RVNLQV	$UQRXOGDQGPRYHPHQWSDWWHUQVVWXGLHG
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
ZLWKUHVSHFWWRYLVXDOVWLPXOL7UHPEOD\7KLEDXOW0XOOHUV	3LVWRULXV9LGHRORJJHUV
FDQ DOVR EH FRPELQHG HIIHFWLYHO\ ZLWK RWKHU VHQVRUV VXFK DV DFFHOHURPHWHUV :DWDQDEH 	
7DNDKDVKLDQGDUHVPDOOHQRXJKWREHILWWHGWRDZLGHUDQJHRIVSHFLHVVHHEHORZ

1.4 Why is the animal moving?  
$QLPDOV PDNH EHKDYLRXUDO GHFLVLRQV EDVHG RQ WKHLU LQWHUQDO µVWDWH¶ SK\VLRORJLFDO DQG
SV\FKRORJLFDO FRQGLWLRQ DQG H[WHUQDO ELRWLF DQG DELRWLF IDFWRUV 1DWKDQ HW DO 
,GHQWLI\LQJDQGTXDQWLI\LQJKRZLQWHUQDOVWDWHPD\GULYHEHKDYLRXULVQRQWULYLDODQGFDQRIWHQ
RQO\EHLQGLUHFWO\LQIHUUHG*HW]	6DOW]6RPHDVSHFWVRIDQLPDOV¶LQWHUQDOVWDWHKDYH
EHHQLQYHVWLJDWHGXVLQJDFFHOHURPHWHUVZKLFKDUHVHQVLWLYHWRPLFURPRYHPHQWVDQGSRVWXUHV
LQGLFDWLYHRIFKHPLFDOGLVHDVHDQGDIIHFWLYHVWDWHV'RZQH\HWDO:LOVRQHWDO
LQFOXGLQJYLJLODQFHEHKDYLRXUDVWUHVVUHODWHGUHVSRQVH.U|VFKHO5HLQHNLQJ:HUZLH:LOGL
	6WRUFK$ORQJVLGHDFFHOHURPHWHUVRWKHUNH\VHQVRUVWKDWFDQSURYLGHLQVLJKWVLQWR
LQWHUQDOVWDWHLQFOXGHKHDUWUDWHLQWHUQDOWHPSHUDWXUHDQGQHXURORJLFDOVHQVRUV5DWWHQERUJHW
DO  )RU H[DPSOH KHDUW UDWH ORJJHUV WR LQYHVWLJDWH WKH LQWHUSOD\ EHWZHHQ HFRORJLFDO
SUHVVXUHVDQGHQHUJHWLFVWUDWHJLHVZHUHXVHGE\%LVKRSHWDOLQEDUKHDGHGJHHVHAnser 
indicus DQG 2¶0DUD HW DO  LQ IUXLWHDWLQJ EDWV Uroderma bilobatum $V DQRWKHU
H[DPSOH'LWPHUHWDOXVHGKHDUWUDWHORJJHUVWRLQYHVWLJDWHKRZ$PHULFDQEODFNEHDUV
Ursus americanusSHUFHLYHWKHULVNVRIFURVVLQJURDGV5HVHDUFKRQKXPDQVKDVGHPRQVWUDWHG
WKDWELRORJJHUVFDQPHDVXUHDVXLWHRISK\VLRORJLFDOYDULDEOHVUHODWLQJWRLQWHUQDOVWDWH1LNLWD
<DQJ DQG WKHGHYHORSPHQWRI VLPLODU V\VWHPV IRUZLOG DQLPDOV LV LQFUHDVLQJ
H[DPSOHVLQFOXGHDQLPDOERUQHEORRGVDPSOHFROOHFWLRQGHYLFHVIRUVWUHVVKRUPRQHVLQVHDOV
7DNHL HW DO  RWKHU KRUPRQDO VHQVRUV /DQGU\ HW DO  DQG LQWHUQDO FKHPLFDO
GHWHFWLRQQDQRVHQVRUVIRUIUHHO\PRYLQJDQLPDOV/HHHWDO

7KH JUHDWHVW LQVLJKW LQWR VWDWHGULYHQ PRYHPHQW LV OLNHO\ WR EH JDLQHG IURP PXOWLVHQVRU
DSSURDFKHV HJ :LOVRQ /LWWPDQ +DOSLQ 	 5HDG  HVSHFLDOO\ FRPELQLQJ ERWK
SK\VLRORJLFDODQGRUQHXURORJLFDOVHQVRUVZLWKSRVLWLRQGHWHUPLQLQJV\VWHPV)LJXUH)RU
H[DPSOH9\VVRWVNLHWDO.VLPXOWDQHRXVO\PHDVXUHGSLJHRQColumba livia PRYHPHQW
DQG HOHFWULFDO EUDLQ DFWLYLW\ XVLQJ D PLQLDWXULVHG *36 FRPELQHG ZLWK DQ
HOHFWURHQFHSKDORJUDSK\ORJJHUZKLOH'XQQHWDO. REWDLQHGDEUDLQZLGHPDSSLQJRI
QHXUDODFWLYLW\RI]HEUDILVKDanio rerio GXULQJPRYHPHQW7KHXVHRIQHXURORJLFDOVHQVRUVWR
PRQLWRU EUDLQ DFWLYLW\ LQ IUHHO\ PRYLQJ DQLPDOV LV D UHODWLYHO\ QHZ DGYDQFHPHQW HJ
5DWWHQERUJHWDO6NRFHNHWDO6XFKPXOWLVHQVRUGHYHORSPHQWVDUHKHOSLQJWR
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
PHHW WKHFKDOOHQJHRI OLQNLQJ LQWHUQDOVWDWHDVDSUR[LPDWHFDXVHRIPRYHPHQW WRXOWLPDWH
HYROXWLRQDU\FDXVHV1DWKDQHWDO+RZHYHUWKHUHDUHLPSRUWDQWHWKLFDOFRQVLGHUDWLRQV
WR EH UDLVHG HVSHFLDOO\ IRU VXUJLFDOO\ LPSODQWHG VHQVRUV HJ WKH H[DPSOH RI IULJDWHELUGV
5DWWHQERUJHWDO

$ORQJVLGHWKHLQWHUQDOVWDWHZKDWLVKDSSHQLQJLQWKHHQYLURQPHQWLVWKHRWKHUSULPHGULYHURI
DQLPDOPRYHPHQW*OREDOHQYLURQPHQWDOGDWDFDQEHUHFRUGHGWKURXJKVDWHOOLWHUHPRWHVHQVLQJ
DQGELRORJJHUVQRZURXWLQHO\FROOHFWORFDOHQYLURQPHQWDOGDWDERWKELRWLFDQGDELRWLF7DEOH
 6, 7DEOH  WKXV D PDMRU DVSLUDWLRQ LV WR OLQN VXFK GDWD WR PRYHPHQW 7KRXJK ZKLOVW
HFRORJLVWVFDQDFFHVVDQLQFUHDVLQJDPRXQWRIUHPRWHVHQVHGHQYLURQPHQWDOGDWDOLQNLQJWKHP
WRORFDWLRQGDWDLVXVXDOO\GLIILFXOWDVHQYLURQPHQWDOGDWDDUHREWDLQHGDWGLIIHUHQWJHQHUDOO\
FRDUVHU VSDWLRWHPSRUDO VFDOHV WKDQ PRYHPHQW GDWD 'RGJH HW DO  5HPHOJDGR HW DO
 UHFHQWO\ GHYHORSHG D QHZ SL[HOEDVHG DSSURDFK FRPELQHG ZLWK GDWD PLQLQJ DQG
YLVXDOLVDWLRQWRKHOSHFRORJLVWVHIILFLHQWO\GHDOZLWKGLIIHUHQFHVLQWKHVSDWLDOWHPSRUDODQG
WKHPDWLFUHVROXWLRQVEHWZHHQHQYLURQPHQWDOGDWDIURPUHPRWHVHQVLQJDQG*36ORFDWLRQGDWD
\HWWKHSUREOHPSHUVLVWVZLWKKLJKIUHTXHQF\ELRORJJLQJGDWD

'HSHQGLQJRQWKHTXHVWLRQDVNHGLWPD\EHQHFHVVDU\WRXVHPRGHOOLQJWRGHULYHKLJKDFFXUDF\
G\QDPLF PDSV RI HQYLURQPHQWDO FRQGLWLRQV HJ YHUWLFDO ZLQG VHH 6FDFFR )ODFN 'XULH]
:LNHOVNL	6DILRUWRXVHGURQHVRU/L'$5WREXLOGXOWUDKLJKUHVROXWLRQDQG
GLPHQVLRQDOPDSVRIWKHVWXG\DUHDHJWRLQYHVWLJDWHPRYHPHQWFRVWVGXHWRHOHYDWLRQRUWR
TXDQWLI\YHJHWDWLRQTXDOLW\IRURSWLPDOIRUDJLQJTXHVWLRQV,PSRUWDQWO\ELRORJJHUVDOORZWKH
FROOHFWLRQRIKLJKIUHTXHQF\HQYLURQPHQWDOGDWDDWWKHORFDOVFDOHH[SHULHQFHGE\WKHDQLPDOV
VXFKDVWHPSHUDWXUHOLJKWLQWHQVLW\DQGZLQGRUFXUUHQWYHORFLW\%ORFN'RGJHHWDO
3LHUVPD	/LQGVWU|P7KLVPD\EHFRPSOHPHQWHGE\LPSODQWHGVHQVRUVVXFKDV
FRUH ERG\ WHPSHUDWXUH VHQVRUV HJ ZKHQ VWXG\LQJ KHDW VWUHVV TXHVWLRQV FRPELQHG ZLWK
VRSKLVWLFDWHGXVHRIPHWHRURORJLFDOGDWDWRHVWLPDWHWKHVRFDOOHGZHWEXOEJOREHWHPSHUDWXUH
LQGH[:%*7DNH\PHDVXUHRIKHDWVWUHVV'LPLFHOL3LOW]	$PEXUQ

,QWHUPVRIWKHELRWLFHQYLURQPHQW¶DQDQLPDO¶VPRYHPHQWGHFLVLRQVDUHOLNHO\WREHLQIOXHQFHG
E\LQWHUDFWLRQVZLWKFRQVSHFLILFVDQGKHWHURVSHFLILFVDQGDJDLQWKHUHDUHFHUWDLQFRPELQDWLRQV
RIVHQVRUVWKDWFDQUHFRUGDQGKHOSLGHQWLI\WKHVHLQWHUDFWLRQV7KHUHDUHWZRPDLQDSSURDFKHV
WR UHPRWHO\ UHFRUG WKH VRFLDO FRQWDFW EHWZHHQ IUHHUDQJLQJ DQLPDOV LQGLUHFW DQG GLUHFW
HQFRXQWHUPDSSLQJVHH%HWWDQH\-DPHV6W&ODLU	5XW].UDXVHHWDO,QGLUHFW
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HQFRXQWHUPDSSLQJFDQEHDFKLHYHGHLWKHUZLWKKLJKUHVROXWLRQWUDFNLQJRIVXEMHFWVRUZLWK
WKH XVH RI WDJV WKDW WUDQVPLW WR RU WKDW DUH GHWHFWHG E\ IL[HG UHFHLYHU VWDWLRQV DW VSHFLILF
ORFDWLRQVHJFRGHG9+)UDGLRWDJVRU3,75),'WDJV,QERWKFDVHVWKHFRRFFXUUHQFHRI
DQLPDOV LV LQIHUUHGDW WKHGDWDDQDO\VLVVWDJH'LUHFWHQFRXQWHUPDSSLQJRQ WKHRWKHUKDQG
UHTXLUHV WKHXVHRISUR[LPLW\ ORJJHUV WUDQVFHLYHU WDJV WKDWERWK WUDQVPLW DQG UHFHLYH UDGLR
VLJQDOVEHWZHHQDQLPDOVRUFDPHUDWDJV+RRNHU%DU\FKND-HVVRSS	6WDQLODQGWR
FUHDWH UHFLSURFDO UHFRUGV RI VRFLDO HQFRXQWHUV %HWWDQH\ HW DO  .UDXVH HW DO 
3UR[LPLW\ORJJHUVFDQEHXVHGIRUDGGUHVVLQJDYDULHW\RIELRORJLFDOTXHVWLRQVDQGKDYHWKH
DGYDQWDJHRYHUFDPHUDVHJ7DNDKDVKLHWDOWKDWWKH\VXUYH\LQDOOGLUHFWLRQVHYHQ
WKRXJK SUHFLVH GLUHFWLRQDO DQG GLVWDQFH LQIRUPDWLRQ LV RIWHQ QRW FROOHFWHG EXW WKHLU NH\
VWUHQJWKOLHVLQFKDUWLQJVRFLDODVVRFLDWLRQVRIDODUJHQXPEHURIVXEMHFWVRINQRZQLGHQWLW\WR
UHFRQVWUXFWJURXS FRPPXQLW\RU HYHQSRSXODWLRQOHYHO VRFLDOQHWZRUNV3UR[LPLW\ VHQVRUV
FDQDOVREHXVHGWRUHFRUGLQWHUVSHFLILFHQFRXQWHUVIRUH[DPSOHEHWZHHQSUHGDWRUVDQGWKHLU
SUH\EHWZHHQGLIIHUHQWGLVHDVHKRVWVRU LQPL[HGJURXSVRIIRUDJLQJRUPLJUDWLQJDQLPDOV
6RPHV\VWHPVDUHVHWXSDVZLUHOHVVVHQVRUQHWZRUNVZKHUHDQLPDOPRXQWHGVHQVRUVQRWRQO\
FRPPXQLFDWHZLWKRWKHUVHQVRUVEXWDOVRZLWKDODUJHQXPEHURIVWDWLRQDU\UHFHLYHUEDVH
VWDWLRQV 5XW] HW DO  7KLV HQDEOHV QHDU UHDOWLPH GDWD WUDQVPLVVLRQ ZKLFK LV NH\ WR
HYDOXDWLQJV\VWHPSHUIRUPDQFHDQGWRSODQQLQJDQGPRQLWRULQJH[SHULPHQWDOPDQLSXODWLRQV
6W&ODLUHWDO

$ SDUWLFXODU W\SH RI LQWHUVSHFLILF LQWHUDFWLRQ RFFXUV ZKHQ DQLPDOV LQWHUDFW ZLWK KXPDQ
DFWLYLWLHV ZKLFK FDQ VWURQJO\ DIIHFW DQLPDO PRYHPHQWV HJ 7XFNHU HW DO  $Q
LQWHUHVWLQJGHYHORSPHQWLVDQLPDOERUQHUDGDUGHWHFWRUVZKLFKGHWHFWVLJQDOVIURPHPLWWLQJ
UDGDUVLQWKHVXUURXQGLQJVDQGFDQEHXVHGLQFRPELQDWLRQZLWKDWUDFNLQJGHYLFHWRORJWKH
RFFXUUHQFHRI VWUXFWXUHV DORQJDQ DQLPDO¶VPRYHPHQWSDWK 7DEOH6,7DEOH7KLVKDV
IDFLOLWDWHG WKHVWXG\RIVHDELUGILVKLQJYHVVHO LQWHUDFWLRQVTXDQWLI\LQJDWWUDFWLRQDWWHQGDQFH
DQGIRUDJLQJEHKDYLRXU:HLPHUVNLUFK)LOLSSL&ROOHW:DXJK	3DWULFN

)URPVHQVRUVWRGDWD
'DWD FROOHFWLRQ DQG DQDO\VLV LVVXHV PXVW EH DGGUHVVHG DORQJVLGH VHQVRU VHOHFWLRQ ZKHQ
DSSURDFKLQJ D VSHFLILF HFRORJLFDO TXHVWLRQ 7KH ILUVW FKDOOHQJH FRQFHUQV ILQGLQJ WKH PRVW
DSSURSULDWHH[SHULPHQWDOVDPSOLQJGHVLJQWRDQVZHUDJLYHQHFRORJLFDOTXHVWLRQ0RUHEURDGO\
VHHWKHLQWHUQDOGDWDQRGHRIWKH,%)WKLVFRQFHUQVWKHFORVHO\UHODWHGLVVXHVRIWDJGHVLJQ
DQGGDWDPDQDJHPHQWZKLFKLQFOXGHVSODQQLQJIRUGDWDDUFKLYLQJDQGVKDULQJ±DOORIZKLFK
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PXVWEHGHILQHGSULRUWRWDJGHSOR\PHQW7KHH[SHULPHQWDOGHVLJQZLOOVWURQJO\EHQHILWIURP
LQWHUGLVFLSOLQDU\FROODERUDWLRQVWRILQGWKHEHVWVROXWLRQHQVXULQJWKDWWKHGDWDJDWKHULQJLVERWK
IHDVLEOH DQG ZLOO OHDG WR VXIILFLHQW GDWD WR DQVZHU WKH TXHVWLRQV XVLQJ DYDLODEOH DQDO\WLF
WHFKQLTXHV

2.1 Experimental design 
&RQVLGHUDWLRQRIDQDSSURSULDWHVDPSOLQJUHJLPHSULRUWRWDJGHSOR\PHQWVRDVQRWWRRYHU
RUXQGHUVDPSOHDQGPD[LPLVHEDWWHU\GXUDWLRQDQGPLQLPLVHWDJZHLJKWLVDFUXFLDODVSHFW
QRWH WKDW EDWWHU\ SRZHU LV UHTXLUHG ERWK WR LQWHUURJDWH WKH VHQVRUV DQG ZULWH WKH GDWD WR
PHPRU\ DQG SRVVLEO\ VHQG WKH GDWD 7R GR VR UHVHDUFKHUV VKRXOG DSSO\ WKH 1\TXLVW RU
VDPSOLQJWKHRUHPZKLFKVWDWHVWKDWWKHVDPSOLQJIUHTXHQF\VKRXOGEHDWOHDVWWZLFHWKHIDVWHVW
IUHTXHQF\RILQWHUHVWHJFRQVLGHUZLQJEHDWIUHTXHQF\YVDPSOLWXGHDVIRFXVRILQWHUHVW7KLV
KROGVWUXHLQWHPSRUDODQGVSDWLDOGRPDLQVVHHGLVFXVVLRQLQ5RSHUW&RXGHUW	:LOVRQ
$QREYLRXVFRQVHTXHQFHRIWKLVWUDGHRIILVWKHXVHRIVPDUWVDPSOLQJZKHUHE\WKHVHQVRUV
UHFRUGDWDIUHTXHQF\DEOHWRHOXFLGDWHWKHUHOHYDQWDVSHFWSURSHUO\EXWQRPRUH:HGRQRWH
KRZHYHUWKDWKLJKO\SUHVFULEHGORZIUHTXHQF\VDPSOLQJPD\PLVVVHUHQGLSLWRXVREVHUYDWLRQV
RILPSRUWDQFHDQGPD\SUHFOXGHWKHGHWHFWLRQRIQHZQHYHUREVHUYHGEHKDYLRXUV)XUWKHUPRUH
GHULYDWLRQRIERG\PRWLRQRUPHDVXUHVRIHQHUJ\H[SHQGLWXUH'%$UHTXLUHVVPRRWKLQJRI
DFFHOHURPHWHUGDWDDWDQDSSURSULDWHIUHTXHQF\6KHSDUG:LOVRQ+DOVH\HWDODOEHLW
WKHODWWHUFRXOGLQGHHGEHSURFHVVHGRQERDUGZLWKRXWVWRULQJWKHKLJKIUHTXHQF\GDWDHJ&R[
HWDO)RUH[DPSOHDKLJKIUHTXHQF\UHFRUGLQJRIUDZGDWD!+]PD\EHQHFHVVDU\
WRFRPSXWHDQLPDOSRVWXUHDQG'%$VHHDOVR%URZQVFRPEH/HQQR['DQ\OFKXN	&RRNH
KRZHYHUKLJKHUIUHTXHQFLHVGUDZPRUHFXUUHQWGRXEOLQJWKHIUHTXHQF\IURP+]WR
+]PLJKWUHTXLUHWRGRXEOHRUPRUHWKHEDWWHU\VL]HFDSDFLW\DQGKHQFHZHLJKWGHSHQGLQJ
RQWKHVSHFLILFVRIWKHVHQVRUVWKXVDEDODQFHEHWZHHQEHKDYLRXUUHVROXWLRQLQIRUPDWLRQJDLQ
DQGFXUUHQWGUDZLVDNH\VWDJHRIH[SHULPHQWDOGHVLJQ(TXDOO\LPSRUWDQWZKHQXVLQJ,08V
IHDWXULQJPXOWLSOHVHQVRUVPLJKWEHWRVHWGLIIHUHQWIUHTXHQFLHVIRUGLIIHUHQWVHQVRUVVXFKDVD
KLJKHUIUHTXHQF\IRUDFFHOHURPHWHUV+]DORZHUIUHTXHQF\IRUPDJQHWRPHWHUV+]
DQGDQHYHQORZHUIUHTXHQF\IRUWHPSHUDWXUHRUSUHVVXUHVHQVRUVHJ+]6XFKVHWWLQJVFDQ
PRUHWKDQGRXEOHWKHWLPHDORJJHUFDQUHFRUGRQDJLYHQEDWWHU\VL]HQRWHDOVRWKDWGLIIHUHQFHV
EHWZHHQEDWWHU\W\SHVLQWKHFDSDFLW\WRUHVSRQGWRSHDNFXUUHQWGHPDQGVIURPWKHVHQVRUVFDQ
IXUWKHUDIIHFWWKHORQJHYLW\RIORJJHUVEXWSUHOLPLQDU\VWXGLHVIRUGLIIHUHQWVWXG\VSHFLHVDQG
LQWHUDFWLRQVZLWKHQJLQHHUVPLJKWEHUHTXLUHGWRILQGWKHEHVWVHWWLQJV$QRWKHUDUHDRIFXUUHQW
UHVHDUFKHJVHH&R[HWDOLVIRFXVVLQJRQILQGLQJFOHYHUZD\VWRVWRUHRQERDUGRQO\
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VXEVDPSOHGRUVXPPDU\GDWDUDWKHUWKDQWKHUDZKLJKIUHTXHQF\GDWDWKHUHE\UHGXFLQJGDWD
VWRUDJH UHTXLUHPHQWVDQG LGHDOO\DOORZUHPRWH WUDQVPLVVLRQRI WKHGDWD RIWHQ WKH ODWWHU LV
SUHFOXGHGIRUILHOGVWXGLHVGXHWRWKHKLJKSRZHUUHTXLUHPHQW&ORVHO\UHODWHGLVWKHFKRLFHRI
VHQVRUUHVROXWLRQELWUHVROXWLRQVHHGLVFXVVLRQDQGH[DPSOHV LQ5RSHUW&RXGHUW	:LOVRQ
7KHQXPEHURIELWVZLWKZKLFKWKHGDWDDUHVWRUHGGLUHFWO\GHWHUPLQHVWKHTXDOLW\RIWKH
GDWD REWDLQHG )RU H[DPSOH SDVW ORJJHUV XVHG DQ ELW UHVROXWLRQ PHDQLQJ WKH VHQVRU FDQ
REWDLQDQDEVROXWHUHVROXWLRQJLYHQE\WKHPD[LPXPUHVROXWLRQUDQJHGLYLGHGE\,QWKH
FDVHRIDGHSWKSUHVVXUHWUDQVGXFHUZLWKDPD[LPXPUDQJHRI%DUWKLVPHDQVDPD[LPXP
UHVROXWLRQRIFLUFD%DUHTXDOWRUHVROYLQJGLYHGLIIHUHQFHVRIPDELWUHVROXWLRQDOORZV
LQVWHDGWRUHVROYHVWHSVRIPVHH5RSHUW&RXGHUW	:LOVRQ/RZUHVROXWLRQPD\
SUHFOXGH UHFRUGLQJ NH\ LQIRUPDWLRQ VXFK DV SUH\ FDSWXUH HYHQWV (TXDOO\ LPSRUWDQW LV WKH
PHDVXUHPHQWUDQJHRIWKHVHQVRU)RUH[DPSOHDQDFFHOHURPHWHUZKLFKUHFRUGVXSWRgZLOO
PLVVDQ\GDWDRIDQLPDOVPRYLQJPRUHG\QDPLFDOO\HJKHDGLPSDFWVDQGXQOHVVWKHDQLPDOV
DUH NQRZQ WR EH RQO\ UHODWLYHO\ VORZ PRYLQJ DQG JRRG SUHOLPLQDU\ GDWD H[LVW UHVHDUFKHUV
VKRXOGVHWWKHUDQJHWRDWOHDVWgIRULQLWLDOVWXGLHVIRUWHUUHVWULDOV\VWHPVDORZHUUDQJH
PD\EHVXIILFLHQW IRUDTXDWLFV\VWHPVDVGXH WRIULFWLRQPRYHPHQWVSHHGPD\FKDQJH OHVV
IDVWDQGUHFRUGWKLVLQIRUPDWLRQLQWKHPHWDGDWD(TXDOO\LPSRUWDQWDUHWUDGHRIIVEHWZHHQWKH
TXDQWLW\RIGDWDFROOHFWHGDQGWKHWLPHDWDJFROOHFWVGDWDRQDQLQGLYLGXDODVZHOODVWUDGHRIIV
EHWZHHQ WKHDPRXQWRIGDWDFROOHFWHGRQVLQJOH LQGLYLGXDOVDJDLQVW WKHQXPEHURIGLIIHUHQW
DQLPDOV PRQLWRUHG DFURVV WLPH DQG VSDFH VHH DOVR +HEEOHZKLWH 	 +D\GRQ 
&ROODERUDWLRQVDFURVVGLVFLSOLQHVDUHFUXFLDOWRPDNHVXFKGHFLVLRQV

Tag design
5HGXFLQJ EDWWHU\ FRQVXPSWLRQ QRW RQO\ H[WHQGV WKH OLIH RI D ELRORJJLQJ GHYLFH EXW KDV
LPSOLFDWLRQVIRUWDJVL]HDQGDWWDFKPHQWWKDWVKRXOGDOVREHFRQVLGHUHGIRUERWKRSWLPDOVWXG\
GHVLJQDQGDQLPDOZHOIDUH5HGXFWLRQRIWDJVL]HLVSDUDPRXQW\HWHYHQZLWKUHFHQWDGYDQFHV
LQWKHUHGXFWLRQRIVHQVRUVL]HLWLVVWLOOEDWWHU\VL]HWKDWOLPLWVWKDWRIWKHGHYLFH1RWHDOVRWKDW
IXUWKHUHYLGHQFHGHPRQVWUDWHVWKDWIRUVRPHDSSOLFDWLRQVWKHWRWDOPDVVRIWKHWDJWRJHWKHUZLWK
WKHDQLPDOLVPRUHLPSRUWDQWWKDQWKHUHODWLYHWDJPDVV7RPRWDQLHWDO)RUFDPHUDVIRU
H[DPSOHFXUUHQWDYDLODEOHORJJHUVDUHVPDOOHQRXJKDWDSSUR[LPDWHO\JWREHILWWHGWRD
ZLGHUDQJHRIVSHFLHV5XW]HWDO+RZHYHUHYHQVWDWHRIWKHDUWFDPHUDORJJHUVUHPDLQ
VHYHUHO\EDWWHU\OLPLWHGKHQFHGXW\F\FOLQJLVDGYLVDEOHIRUPRVWDSSOLFDWLRQVDVWKLVDOORZV
WDUJHWHGGDWDFROOHFWLRQGXULQJSHULRGVRISHDNDFWLYLW\DQGRUUHSHDWHGVKRUWWHUPUHFRUGLQJ
RYHUWKHFRXUVHRIVHYHUDOGD\V5XW]	7URVFLDQNR$QH[FLWLQJUHFHQWGHYHORSPHQWLV
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WKH XVH RI HYHQWWULJJHULQJ WHFKQRORJ\ WKDW DOORZV FDPHUDV WR EH VZLWFKHG RQ ZKHQHYHU
SDUWLFXODU EHKDYLRXUDO VWDWHV RU HQYLURQPHQWDO FRQGLWLRQV DUH GHWHFWHG VHH DQDO\VLV VHFWLRQ
EHORZ7RSURYLGHDQH[DPSOHZKLOVWPLQLDWXUH9+)WDJVZHLJKLQJJPD\DOORZWRWUDFN
WKHPRYHPHQWVRIDQDQLPDOIRUXSWRDPRQWKDEDWWHU\RQHRUWZRRUGHUVRIPDJQLWXGHKHDYLHU
ZRXOGEHUHTXLUHGWRUHFRUGKLJKIUHTXHQF\DFFHOHURPHWHUDQGPDJQHWRPHWHUGDWDIRUWKHVDPH
GXUDWLRQ2QWKHRWKHUKDQGD*36UXQQLQJDW+]PD\UHTXLUHEHWZHHQP$RIFXUUHQW
ZKHUH DV D PRGHUQ ,08 UHFRUGLQJ WULD[LDO DFFHOHUDWLRQ DQG PDJQHWRPHWHU GDWD DW  +]
UHTXLUHV RQO\  P$ RI FXUUHQW %LGGHU HW DO  0RUH JHQHUDOO\ FORVH DWWHQWLRQ LQ
UHTXLUHGRQKRZVL]HORQJHYLW\DQGDWWDFKPHQWGLIIHUDPRQJGLIIHUHQWWDJVVHQVRUV%RG\HW
DO SURYLGHDXVHIXONH\ IRUDVVHVVLQJGHYLFH LPSDFWVSULRU WR WDJGHSOR\PHQW DQGD
JURZLQJERG\RIOLWHUDWXUHQRZKLJKOLJKWVWKHLPSRUWDQFHRIWDJVKDSHDQGDWWDFKPHQWLQWHUPV
RIDIIHFWLQJDQDQLPDOVGUDJLQDHULDODQGPDULQHHQYLURQPHQWVHJ.D\HWDO/HDUHWDO
9DQGHQDEHHOHHWDO

2.3 Data management
$ IXUWKHU FRQVLGHUDWLRQ IRU RSWLPDO H[SHULPHQWDO GHVLJQ LV WKDW RI GDWD PDQDJHPHQW DQG
SURFHVVLQJ7KHGDWDSURYLGHGE\VHQVRUVRIWHQGRQRWFRUUHVSRQGGLUHFWO\WRWKHLQIRUPDWLRQ
ZH ORRNIRUEXW WRDSUR[\ZKLFKQHHGV WREHFRQYHUWHG)RU LQVWDQFHDGHSWKUHFRUGHU LV
GHVLJQHGWRSURYLGHDPHDVXUHRISUHVVXUHUDWKHUWKDQDPHDVXUHRIGHSWKEXWXQGHUZDWHUGHSWK
EHLQJOLQHDUO\UHODWHGWRSUHVVXUHWKHFRQYHUVLRQLVVWUDLJKWIRUZDUG)RURWKHUVHQVRUVWKLVLV
QRWVRREYLRXVDQGUDZGDWDWKHUHIRUHUHTXLUHEHLQJSUHSURFHVVHG)RUH[DPSOHDFFHOHUDWLRQ
GDWDGRQRWSURYLGHDGLUHFWHVWLPDWHRIHQHUJ\H[SHQGLWXUHRUR[\JHQFRQVXPHGZKLOHPRYLQJ
)LUVW WKH G\QDPLF FRPSRQHQW KDV WR EH H[WUDFWHG IURP WKH UDZ DFFHOHUDWLRQ YDOXHV WKHQ
FRQYHUWHGWR'%$ZKLFKILQDOO\KDVWREHFRUUHODWHGZLWKHQHUJ\RUR[\JHQWKURXJKFRQWUROOHG
ODE H[SHULPHQWV UHYLHZHG LQ :LOVRQ HW DO  3UHSURFHVVLQJ LV DOVR UHTXLUHG IRU
LQWHJUDWLQJGDWDSURYLGHGE\GLIIHUHQWVHQVRUVSRVVLEO\DWGLIIHUHQWUDWHVDQGRIWHQEDVHGRQ
VHSDUDWHFORFNVH[SRVLQJV\VWHPVWRFORFNGULIWDOWKRXJKLQHUWLDOPHDVXUHPHQWXQLWV,08V
HIIHFWLYHO\GHDOZLWKWHPSRUDOV\QFKURQLVDWLRQZLWKLQDQ\RQHORJJHU1RWDEO\GDWDUHFRUGHG
DWKLJKIUHTXHQF\DUHERWKQRLV\DQGKLJKO\VHULDOO\DXWRFRUUHODWHG1RLVHFDQEHUHGXFHGE\
ILOWHULQJHJE\ WDNLQJD UXQQLQJPHDQRUPD\ LQYROYHPRUHFRPSOH[DSSURDFKHVVXFKDV
)RXULHUWUDQVIRUPDWLRQVRU.DOPDQILOWHULQJHJ$ODP	5RKDF$VLPSOHDQGHIILFLHQW
VROXWLRQFRQVLVWVRIVXEVDPSOLQJWKHSURFHVVHGGDWDWRDOHYHORUGHULYLQJDYHUDJHVWRDFFRUG
ZLWKWKH1\TXLVWIUHTXHQF\3UHSURFHVVLQJVKRXOGEHSHUIRUPHGEHIRUHVXEVDPSOLQJDOWKRXJK
WKHUHLVDQHOHPHQWRIIHHGEDFNGHSHQGLQJRQWKHGHVLUHGHQGSRLQWZKLFKPD\DOVRQHHGWREH
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FRQVLGHUHGZKHQVHOHFWLQJ WKH VDPSOLQJ IUHTXHQFLHV IRU WKHGLIIHUHQW VHQVRUVDQG WKHLUGDWD
W\SHVZKLFKDOVRKDVLPSRUWDQWLPSOLFDWLRQVIRUGDWDDUFKLYLQJVHHQH[WVHFWLRQ

2.4. Data archiving and sharing 
%LRORJJLQJGDWDDOVRSUHVHQWFRQVLGHUDEOHFKDOOHQJHVIRUGDWDVKDULQJDQGUHSOLFDELOLW\2QH
FKDOOHQJH OLHV LQ WKH ODFN RI VWDQGDUGLVHG SURWRFROV IRU GDWD UHFRUGLQJ IURP DQLPDOERUQH
VHQVRUV&DPSEHOO8UEDQR'DYLGVRQ'HWWNL	&DJQDFFL/RJJLQJGDWDUHTXLUHYHU\
GHWDLOHG PHWDGDWD RQ WKH DWWDFKPHQW W\SH DQG SRVLWLRQ RQ WKH DQLPDO RI WKH ORJJHUV DV
RWKHUZLVHHVWDEOLVKLQJDFORVHUHODWLRQVKLSEHWZHHQWKHRXWSXWIURPVHQVRUGDWDVXFKDVWUL
D[LDODFFHOHURPHWHUDQGWKHRULHQWDWLRQDQGSRVWXUHRI WKHDQLPDOZLOOEHQHDU LPSRVVLEOH
)XUWKHUPRUH ZKHWKHU RU QRW WR NHHS ERWK WKH SUH DQG SRVWSURFHVVHG YHUVLRQV RI WKH GDWD
SDUWLFXODUO\EHIRUHRUDIWHUILOWHULQJDQGVXEVDPSOLQJLVVRPHWKLQJWRFRQVLGHULQWHUPVRIQRW
RQO\WKHFXUUHQWTXHVWLRQDQGDQDO\VHVEXWDOVRIRUWKHORQJWHUPJRDOVRIDUFKLYLQJGDWDLQWKH
EHVW IRUPDWDYDLODEOH WRDOORZORQJWHUPXVHRI WKRVHGDWD7KXV WKHUHLVDQXUJHQWQHHGWR
LPSURYHGDWDSURWRFROVDQGGDWDEDVHVWDQGDUGVIRUELRORJJLQJGDWD,QGHHGWKH,QWHUQDWLRQDO
%LR/RJJLQJ6RFLHW\LVDFWLYHO\ZRUNLQJWRZDUGVWKDWJRDO(IILFLHQWGDWDVKDULQJDQGDUFKLYLQJ
DFURVVPDQ\VWXGLHVDQGDXWKRUVZLOOEHNH\WRDQVZHUWKHELJTXHVWLRQVLQPRYHPHQWHFRORJ\
HJJOREDOUHVSRQVHVWRHQYLURQPHQWDOFKDQJH)LJXUHDQGZLOOUHGXFHWKHQHHGWRFROOHFW
QHZGDWDVHHDOVRVHFWLRQ
 
)URPGDWDWRDQDO\VLV
'DWDDQDO\VLVLVVXHVPXVWEHDGGUHVVHGXSIURQWDORQJVLGHVHQVRUVHOHFWLRQDQGH[SHULPHQWDO
GHVLJQWRHQVXUHWKHUHVXOWLQJGDWDDUHVXIILFLHQWIRUWKHSURSRVHGPDWKHPDWLFDOPRGHOVDQG
VWDWLVWLFDOWHVWVXVHGWRLQIHUELRORJLFDOLQIRUPDWLRQIURPWKHGDWD7KLVUHTXLUHVVWURQJLQWHU
GLVFLSOLQDU\FROODERUDWLRQVEHWZHHQHPSLULFLVWVDQGWKHRUHWLFLDQVIURPWKHRXWVHWRIWKHSURMHFW
7KHILUVWPDMRUFKDOOHQJHIRUWKHOLQNEHWZHHQGDWDFROOHFWLRQDQGDQDO\VHVLQWKH,%)LVWKH
µELJGDWD¶SUREOHP5DSLGDGYDQFHVLQELRORJJLQJWHFKQRORJ\QRZSURYLGHLQIRUPDWLRQULFK
ELJGDWDVHWVHYHQIURPVLQJOHLQGLYLGXDOVWKXVWKHFKDOOHQJHVLQGDWDDQDO\VHVDUHVLPLODUWR
WKRVH RI µELJ GDWD¶ DQG µGDWD VFLHQFH¶ SUREOHPV LQ HFRORJ\ DQG RWKHU VFLHQWLILF GLVFLSOLQHV
+DPSWRQHWDO/HZLV9DQGHU:DO	)LILHOG7KXPVHWDO7KHUHLVDQ
XUJHQWQHHGIRUWKHXVHDQGGHYHORSPHQWRIPRUHVRSKLVWLFDWHGDQGFRPSXWDWLRQDOO\HIILFLHQW
GDWDYLVXDOLVDWLRQDQGH[SORUDWLRQPHWKRGVDVZHOODVPDWKHPDWLFDOPRGHOVWKDWLQFRUSRUDWH
PXOWLGLPHQVLRQDOELRORJJLQJGDWD
 
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3.1 Data Visualisation 
$NH\SDUWRI H[SORUDWRU\GDWDDQDO\VLV FRQVLVWV LQGHYLVLQJHIILFLHQWZD\V WRYLVXDOLVHDQG
GLVSOD\TXDQWLWDWLYHLQIRUPDWLRQ7XNH\HVSHFLDOO\WRDLGH[SORUDWLRQLQWKLVGDWDULFK
HUD'DWDYLVXDOLVDWLRQFRQYHUWVFRPSOH[SDWWHUQVLQGDWDLQWRDYLVXDOGLVSOD\FDSLWDOLVLQJRQ
WKH H[WUDRUGLQDU\ FDSDFLW\ RI WKH KXPDQ YLVXDO V\VWHP WR SLFN RXW SDWWHUQV LQ FRPSOH[
ODQGVFDSHVDQG WKHUHE\SURYLGH LQVLJKWV LQWRGDWD UHODWLRQV :DUH:KLOHHFRORJLVWV
RIWHQGHYHORSWKHLURZQYLVXDOLVDWLRQWRROVPDQ\PHWKRGVFRPHIURPRWKHUGLVFLSOLQHVVXFK
DV JHRJUDSKLF LQIRUPDWLRQ VFLHQFH 'HPãDU HW DO  /L :X 6RQJ 	 =KRX 
PHGLFLQHDQGQHXURVFLHQFHZLWKFRPSOH[I05,GDWDHJGH5LGGHU.OHLQ	.LP

&RQYHQWLRQDOO\DFFHOHUDWLRQGDWDWHQGWREHYLVXDOLVHGDVWLPHVHULHVSORWV)LJXUH$ZLWK
DQDO\VHVEDVHGRQVXPPDU\VWDWLVWLFVGHULYHGIURPHWKRJUDPV)LJXUH%DQGWKHDSSOLFDWLRQ
RIGDWDWUDQVIRUPDWLRQV:KLOHVXFKDSSURDFKHVDUHXVHIXOIRUFODVVLILFDWLRQRIWLPHVHULHVGDWD
:DONHUHWDOLQWHJUDWLRQRIPXOWLVHQVRUGDWDDUHSRRUO\FRYHUHGE\WKLVDSSURDFK/HH
	-HRQJ/LHWDO:DONHU%RUJR	-RQHVSULPDULO\GXHWRWLPHWDNLQJXS
RQHD[LVDQGFRQVWUDLQLQJDOORWKHUGDWDWROLHZLWKLQLWVVFDOLQJDQGERXQGV2WKHUYLVXDOLVDWLRQV
PD\ E\SDVV WKH WLPH VFDOLQJ IDFWRU E\ KDYLQJ VSKHULFDO SORWV WKDW SUHVHQW GLPHQVLRQDO
VFDWWHUSORWVKLVWRJUDPVFOXVWHULQJGDWDE\EHKDYLRXUDOVWDWH*UXQG\-RQHV/DUDPHH:LOVRQ
	6KHSDUG:LOOLDPVHWDO:LOVRQHWDO)LJXUHV&(7KHYDOXHLQWKHVH
VSKHULFDOSORWVLVWKDWWKH\DUHDOVRPXOWLOD\HUDQGSUHVHQWHQYLURQPHQWDOGDWDVXFKDVSUHVVXUH
DQGWHPSHUDWXUHDVZHOODVPHWULFVRIHQHUJHWLFH[SHQGLWXUH5REHUWV/DUDPHH	-RQHV
,QDGGLWLRQWLPHFDQDOVREHUHSUHVHQWHG LIQHFHVVDU\E\JO\SKRU OLQHFRORXU)LJXUH(
7KXVVXFKYLVXDODQDO\WLFVV\VWHPVFDQEHOLQNHGLQWHUDFWLYHO\WRDOORZGLIIHUHQWDVSHFWVRIWKH
VDPHGDWDWREHH[SORUHGZLWKDQGZLWKRXWWHPSRUDODQGVSDWLDOVFDOHV,QWHUPVRIVHQVRUGDWD
WKLV LQFOXGHV SORWV LQ WULD[LDO VSDFH ZLWK IXUWKHU GLPHQVLRQV UHODWHG WR PRYHPHQW DQG
SHUIRUPDQFH PHWULFV HJ 5REHUWV HW DO  DQG WKRVH WKDW FRPELQH PXOWLGLPHQVLRQDO
WUDMHFWRU\YLVXDOLVDWLRQVRQDPDSZLWKHQYLURQPHQWDOGDWDHJ%XFKLQHWDO6KDPRXQ
%DUDQHV HW DO  )LJXUH ) DQG WHPSRUDO YLVXDOLVDWLRQV 'HPãDU HW DO  VXFK DV
'\QDPR9LV 'RGJH;DYLHU	:RQJ;DYLHU	'RGJHDQG WUDFNSORW :DUH
$UVHQDXOW3OXPOHH	:LOH\RUIORZYLVXDODQDO\WLFVV\VWHPV$QGULHQNR$QGULHQNR
&KHQ0DFLHMHZVNL	=KDR*UDVHU6FKPLGW5RWK	%UlQGOH)LJXUH*7LPH
LVDOVRFRPPRQO\YLVXDOLVHGWKURXJKDQLPDWLRQDQGWKHUHDUHWZR5SDFNDJHVWKDWVXSSRUWWKLV
DOEHLWIRUWUDGLWLRQDOORFDWLRQRQO\GDWDQRWORJJHUGDWDPRYH9LV6FKZDOE:LOOPDQQ
DQG DQLSDWKV 6FKDUI  6HH VXSSOHPHQWDU\ LQIRUPDWLRQ IRU D GHWDLOHG OLVW RI FXUUHQW
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
YLVXDOLVDWLRQV6,7DEOH&XUUHQWGHYHORSPHQWVLQGLFDWHWKDWLWPD\EHSRVVLEOHWREULQJWKHVH
PXOWLGLPHQVLRQDOSORWVLQWRDQLQWHUDFWLYHGLPHQVLRQDOODEVSDFHEH\RQGDGLJLWDOVFUHHQ
ZKLFK ZRXOG GUDPDWLFDOO\ KHOS H[SORUDWLRQ RI GDWD DQG HYHQ DGYDQFH EHKDYLRXUDO VWXGLHV
WKURXJKWKHPDQLSXODWLRQRIWKHYLUWXDOZRUOGVHH6WRZHUVHWDO(TXDOO\LPSRUWDQWZLOO
EHWKHGHYHORSPHQWRILPSURYHGZD\VWRGLVSOD\UHVXOWVIURPPDFKLQHOHDUQLQJPHWKRGVVHH
EHORZDJDLQDQDUHDIRUZKLFKPXOWLGLVFLSOLQDU\FROODERUDWLRQVZLOOEHFUXFLDO

3.2 Behavioural Classification 
%HKDYLRXUDO FODVVLILFDWLRQ LQYROYHV LGHQWLI\LQJ SDUWLFXODU EHKDYLRXUOLQNHG VLJQDOV ZLWKLQ
FRPSOH[GDWDVHWVVXFKDVDFFHOHURPHWHUDQGPDJQHWRPHWHUGDWD7KLVPD\LQYROYHVHDUFKLQJ
IRUEHKDYLRXUOLQNHGWKUHVKROGVVXFKDVDQLQFUHDVHLQSUHVVXUHWRLQGLFDWHGLYLQJ.RR\PDQ
EXWPRUHFRPPRQO\ZLOOLQYROYHFRQVLGHUDWLRQRIPXOWLSOHGDWDVWUHDPV9LYLDQW7ULWHV
5RVHQ0RQHVWLH]	*XLQHW<RGDHWDOZKLFKPDNHVWKHSURFHVVPRUHFRPSOH[
)RU WKLV UHDVRQ PXFK HPSKDVLV KDV UHFHQWO\ EHHQ SODFHG RQ PDFKLQH OHDUQLQJ DOJRULWKPV
LQFOXGLQJ.1HDUHVW1HLJKERXU>.11@6XSSRUW9HFWRU0DFKLQHV>690V@&ODVVLILFDWLRQDQG
5HJUHVVLRQ 7UHHV >&$57@ DQG $UWLILFLDO 1HXUDO 1HWZRUNV >$11V@ WR FODVVLI\ EHKDYLRXUV
DXWRPDWLFDOO\ 1DWKDQ HW DO  6XSHUYLVHG PDFKLQHOHDUQLQJ PRGHOV DUH WUDLQHG ZLWK
VHJPHQWV RI GDWD WKDW KDYH EHHQ PDQXDOO\ ODEHOOHG DFFRUGLQJ WR EHKDYLRXU &DUUROO 6OLS
-RQVHQ 	 +DUFRXUW  :DWDQDEH 	 7DNDKDVKL  7KH FRQYHQLHQFH RI PDFKLQH
OHDUQLQJV\VWHPVLVWKDWWKH\UHTXLUHOLWWOHVSHFLDOLVWNQRZOHGJHDQGLQIRUPDWLRQDERXWWKHGDWD
VWUHDPVIURPWKHUHVHDUFKHU$JDLQVWWKLVWKHUHLVDWHQGHQF\WRSXWDOOSULPDU\GDWDVWUHDPVDV
ZHOODVGHULYHGHOHPHQWVVXFKDV'%$PHWULFVLQWRWKHSURFHVV%HFDXVHWKHPDFKLQHGRHV
QRW NQRZ ZKLFK GDWD VWUHDPV DUH PRVW UHOHYDQW DW WKH RXWVHW SURFHVVLQJ WLPHV FDQ EH
SURKLELWLYHO\ORQJ$QDSSURDFKWKDWDWWHPSWVWRGHDOZLWKWKLVXVHVD%RROHDQIUDPHZRUNDQG
UHTXLUHVWKDWWKHUHVHDUFKHUVKDYHHQRXJKVSHFLDOLVWNQRZOHGJHWREHDEOHWRSLFNRXWDVHTXHQFH
RIIHDWXUHVLQEHKDYLRXUVV\VWHPDWLFYDULDWLRQDQGGLUHFWLRQLQGDWDVWUHDPVRYHUGHILQHGWLPH
SHULRGVWREHDEOHWRGHILQHWKHEHKDYLRXULQDVHULHVRINH\HOHPHQWV7KHVHDUHWKHQGHILQHG
LQDQDOJRULWKPDQGWKHFRPSXWHUPDGHWRVHDUFKIRUH[DFWO\ WKRVHFRQGLWLRQVWRGHILQH WKH
EHKDYLRXU:LOVRQ+ROWRQHWDO7KHREYLRXVGRZQVLGHWRWKLVDSSURDFKLVWKHOHYHORI
H[SHUWLVHRIWKHXVHUDQGIDPLOLDULW\ZLWKWKHPHDQLQJRIWKHGDWDVWUHDPVZKLFKKLJKOLJKWVWKH
FUXFLDOUROHHFRORJLVWVDQGELRORJLVWVKDYHWRSOD\LQPDNLQJVXUHDQDO\VHVUHPDLQELRORJLFDOO\
VRXQG DQG UHOHYDQW 2Q WKH RWKHU KDQG ELRORJJLQJ VHQVRU GDWD DOORZ IRU WKH GLVFRYHU\ RI
EHKDYLRXUV QHYHU VHHQ EHIRUH LQ DQLPDOV :LOVRQ HW DO  WKXV ERWK H[SORUDWRU\ DQG
FRQILUPDWRU\DQDO\VHVDVZHOODVVXSHUYLVHGDQGQRQVXSHUYLVHGGDWDDQDO\VLVPHWKRGVZLOOEH
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
HTXDOO\LPSRUWDQWIRUHFRORJLVWVVHHDOVR/HRVǦ%DUDMDVHWDO%HKDYLRXUFODVVLILFDWLRQ
XVLQJORJJHUGDWDFDQDOVRLQIRUPWKHXVDJHRIOLPLWHGRUSUHYLRXVO\FROOHFWHG*36DQGWUDFN
GDWDWRLGHQWLI\GLIIHUHQWEHKDYLRXUVHJ%URZQLQJHWDO

3.3 Movement analyses in the bio-logging era 
7KHUH LV D ORQJKLVWRU\RI WKHRUHWLFDO LQYHVWLJDWLRQ LQWR WKH UHDVRQV DQG UXOHV XQGHUSLQQLQJ
DQLPDO PRYHPHQW 1DWKDQ HW DO  LQFOXGLQJ IRU H[DPSOH RSWLPDO IRUDJLQJ WKHRU\
+RXVWRQ&ODUN0F1DPDUD	0DQJHO3\NH+RZHYHUKLVWRULFDOO\WKHUHKDYH
EHHQLQDGHTXDWHGDWDRQWKHHQHUJHWLFVDQGWKHGHWDLOVRIPRYHPHQWV WRHPEUDFHRSWLPDOLW\
SURSHUO\ &RQVHTXHQWO\ WKHRUHWLFDO PRYHPHQW HFRORJ\ KDV WHQGHG WR IRFXV RQ VWDWLVWLFDO
GHVFULSWLRQVRIPRYHPHQW WKDWDUHDJQRVWLF WR WKHXQGHUO\LQJ OLIHKLVWRU\QHHGV WKDWJRYHUQ
PRYHPHQWGHFLVLRQV6WHSVHOHFWLRQDQDO\VLVIRUH[DPSOHH[DPLQHVHQYLURQPHQWDOIHDWXUHV
WKDWDUHFRUUHODWHGWRPRYHPHQWVIURPRQHORFDWLRQWRWKHQH[W$YJDU3RWWV/HZLV	%R\FH
)RUWLQHWDO7KXUIMHOO&LXWL	%R\FH$VDQRWKHUH[DPSOHWKHUHDUHD
YDULHW\ RI WHFKQLTXHV WKDW XVH PRYHPHQW WR LQIHU FKDQJHV LQ EHKDYLRXU E\ REVHUYLQJ KRZ
IHDWXUHV VXFK DV VSHHG RU WRUWXRVLW\ FKDQJH RYHU WLPH +RRWHQ -RKQVRQ 0F&OLQWRFN 	
0RUDOHV7KHVHDUHFDWHJRULVHGXQGHUYDULRXVQDPHVVXFKDVVWDWHVSDFHPRGHOV-RQVHQ
HWDO0RUDOHV+D\GRQ)UDLU+ROVLQJHU	)U\[HOO3DWWHUVRQ7KRPDV:LOFR[
2YDVNDLQHQ 	 0DWWKLRSRXORV  KLGGHQ 0DUNRY PRGHOV /DQJURFN HW DO 
0F&OLQWRFN	0LFKHORWFRQWLQXRXVWLPHPRGHOVUHYLHZHGLQ3DWWHUVRQHWDO
DQG EHKDYLRXUDO FKDQJHSRLQW DQDO\VHV (GHOKRII 6LJQHU 	 %DONHQKRO  *XUDULH
$QGUHZV	/DLGUH6LPLODUO\ WKHUHKDVEHHQVLJQLILFDQW LQWHUHVW LQ LQIHUULQJEURDG
VFDOHPRYHPHQWSDWWHUQVVXFKDVKRPHUDQJHPLJUDWRU\RUGLVSHUVDOSDWWHUQVIURPVTXDUHG
GLVSODFHPHQWVWDWLVWLFV%|UJHU	)U\[HOO7KHUHLVDOVRDORQJKLVWRU\RIPDWKHPDWLFDO
PRGHOVIRULQIHUULQJVSDFHXVHSDWWHUQVIURPJHQHUDOIHDWXUHVRIPRYHPHQWVXFKDVDGYHFWLYH
DQGGLIIXVLYHFRPSRQHQWV0RRUFURIW	/HZLV0RRUFURIW/HZLV	&UDEWUHH
3RWWV	/HZLV$OORIWKHVHH[DPSOHVPRGHOPRYHPHQWLQDGHVFULSWLYHIDVKLRQZKHUH
WKHELDVHVDQGFRUUHODWLRQV%HQKDPRX&RGOLQJ3ODQN	%HQKDPRXUHSUHVHQW
K\SRWKHVLVHGEHKDYLRXUDOIHDWXUHVRIWKHPRYHPHQWSDWKDQGWKHDVSHFWVRIWKHPRYHPHQWWKDW
ZHHLWKHUGRQRWKDYHGLUHFWNQRZOHGJHRIRUDUHXQDEOHWRWHVWDVµUDQGRPZDONV¶RUµKLGGHQ
VWDWHV¶,QFRUSRUDWLQJKLJKUHVROXWLRQLQIRUPDWLRQIURPELRORJJLQJVWXGLHVFDQFKDQJHWKLVDV
ZHOODVHQDEOHXVWRDQVZHUTXHVWLRQVWKDWOLQNPRYHPHQWGHFLVLRQVWRWKHOLIHKLVWRU\QHHGVRI
DQLPDOV

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
6WHS VHOHFWLRQ DQDO\VLV 66$ LV RQH RI WKH PRVW ZLGHO\XVHG WHFKQLTXHV IRU LQIHUULQJ WKH
HQYLURQPHQWDO GULYHUV EHKLQG REVHUYHG PRYHPHQW SDWWHUQV 1HZ ELRORJJLQJ WHFKQRORJLHV
HQDEOHXVWREXLOGXSRQ66$LQWZRLPSRUWDQWZD\V)LUVWWKHXOWUDKLJKIUHTXHQF\ORFDWLRQV
JLYHQE\GHDGUHFNRQHG,08GDWDHQDEOHXVIRUWKHILUVWWLPHWRILQGWKHSUHFLVHSRLQWVDWZKLFK
DQDQLPDOFKDQJHVGLUHFWLRQ3RWWVHWDOUDWKHUWKDQDVVXPLQJLPSOLFLWO\WKDWFKDQJHV
LQGLUHFWLRQRFFXUDWWKHSRLQWVZKHUHORFDWLRQVDUHDFTXLUHGZKLFKLVW\SLFDOLQ66$VWXGLHV
EDVHG RQ *36 GDWD DOWKRXJK WKHUH DUH H[FHSWLRQV HJ 0HUNOH )RUWLQ 	 0RUDOHV 
6HFRQGWKLVDSSURDFKFDQEHH[WHQGHGWRH[DPLQHEURDGHUFKDQJHVLQWKHVWDWHRIWKHDQLPDO
UDWKHUWKDQVLPSO\LWVORFDWLRQDQGZLWKRXWKDYLQJWRUHFXUWRVWDWLVWLFDOPRGHOVWU\LQJWRLQIHU
DµKLGGHQVWDWH¶$VVXFKZHPLJKWSDUDPHWULVHDPRGHOFRQWDLQLQJQRWRQO\WKHORFDWLRQVRI
WKHDQLPDOEXWDOVRDQ\RI WKHRWKHUDIRUHPHQWLRQHGIHDWXUHVWKDWZHFDQPHDVXUHRU LQIHU
IURPPHWULFVRIPRYHPHQW IURPELRORJJLQJ WHFKQRORJ\ VXFKDVKHDGSRVLWLRQKHDUWUDWH
PRYHPHQW³PRGH´UXQQLQJHDWLQJRUHYHQLQWHUDFWLRQYDULDEOHVUHODWHGWRWKHPRYHPHQWRI
RWKHUVLQWKHHQYLURQPHQW6,%R[

)RUH[DPSOHE\PRGLI\LQJVWHSVHOHFWLRQDQDO\VLVDQGVLPLODUWHFKQLTXHVWRLQFRUSRUDWHWKH
HQHUJHWLFFRVWVDQGEHQHILWVGHULYHGIURPGHWDLOHGELRORJJLQJGDWDDFFHOHUDWLRQDQGKHDUWUDWH
ORJJHUV ZH PD\ EH DEOH WR XQFRYHU WKH ELRHQHUJHWLF UHDVRQV EHKLQG DQLPDO PRYHPHQW
FKRLFHVUDWKHUWKDQVLPSO\GHVFULELQJODQGVFDSHDVSHFWVWKDWFRYDU\ZLWKDQLPDOPRYHPHQW
7KLVZRXOGKHOSXVUHYLVLWROGTXHVWLRQVDERXWWKHRSWLPDOLW\RIIRUDJLQJGHFLVLRQVDQGJLYH
LPSRUWDQWEHKDYLRXUDOLQVLJKWVLQWRDQLPDOGHFLVLRQPDNLQJDWILQHVFDOHVDVWKH\PRYHWKURXJK
WKHLUHQHUJ\ODQGVFDSH6KHSDUGHWDO4XDQWLI\LQJWKHHIIHFWVRIWKHHQYLURQPHQWRQ
PRYHPHQW FRVWV LQ WKLV ZD\ FRXOG KHOS DOVR GHULYH D SUR[\ RI HQHUJ\ FRVW EDVHG RQ
HQYLURQPHQWDOFRQGLWLRQV WRXVHZLWKPRYHPHQWGDWDZLWKRXWELRORJJLQJLQIRUPDWLRQHJ
)LJXUH

$Q LQWHUHVWLQJGHYHORSPHQW LQ WKDWGLUHFWLRQ LVE\+RRWHQ6FKDUI	0RUDOHV ZKR
SUHVHQW D QHZ DSSURDFK WR DQDO\VH PRYHPHQW GDWD LQFOXGLQJ H[SOLFLW PHFKDQLVWLF OLQNV WR
SK\VLRORJLFDO G\QDPLFV WR EHWWHU PRGHO GHFLVLRQ PDNLQJ DQG PRYHPHQW LQ KHWHURJHQHRXV
HQYLURQPHQWV1RWDEO\WKLVDSSURDFKFDQEHH[WHQGHGWRDFFRPPRGDWHDGGLWLRQDOGDWDVXFKDV
WKRVH SURYLGHG E\ ELRORJJHUV 6LPLODUO\ VWDWHVSDFH PRGHOV DQG EHKDYLRXUDO FKDQJHSRLQW
DQDO\VLVZRXOGEHHQKDQFHGJUHDWO\E\FDUHIXOLQFRUSRUDWLRQRIGDWDRQDFFHOHUDWLRQRUHQHUJ\
H[SHQGLWXUH,QGHHGWKHEHKDYLRXUDOVWDWHVLQWKHVHPRGHOVDUHRIWHQ³KLGGHQ´DVLQ³KLGGHQ
0DUNRYPRGHO´EXWWKHVRUWRIELRORJJLQJGDWDGHVFULEHGLQWKLVUHYLHZPD\EHDEOHWRVKHG
2SWLPDOXVHRIELRORJJLQJLQPRYHPHQWHFRORJ\


OLJKWRQWKHVHVWDWHVPRUHGLUHFWO\7KLVZLOOEHDPDMRUFKDQJHLQWKHILHOGDQGDOORZPDUNHGO\
LPSURYHGDQGELRORJLFDOO\UHOHYDQWXQGHUVWDQGLQJWREHREWDLQHGFRPSDUHGWRDQ\RIWKHHYHQ
PRVWVRSKLVWLFDWHGPRGHOOLQJDSSURDFKHVFXUUHQWO\XVHG
 
)XWXUHGHYHORSPHQWVIRURSWLPLVLQJWKHXVHRIELRORJJLQJ
6RIDUZHKDYHUHYLHZHGWKHFXUUHQWWHFKQRORJLHVDQGWHFKQLTXHVDYDLODEOHLQWKHELRORJJLQJ
WRROER[DQGKRZZHPD\RSWLPLVHWKHLUXVHWRDQVZHUWKHELJTXHVWLRQVLQHFRORJ\WKURXJK
FROODERUDWLRQVZLWKLQWKH,%)+HUHZHKLJKOLJKWSRWHQWLDONH\IXWXUHGHYHORSPHQWVDFURVVDOO
QRGHVRI WKH ,%)ZKLFKZRXOGPDUNHGO\DGYDQFH WKH ILHOGVRIELRORJJLQJDQGPRYHPHQW
HFRORJ\

New sensors: from speed measurement to skin-patches 
$VVSHHGLVDNH\SDUDPHWHURIPRYHPHQW, WKHUHLVDQXUJHQWQHHGIRUUHOLDEOHVSHHGVHQVRUV
ZLWKRXWWKHGLVDGYDQWDJHVVXFKDVIRXOLQJRUOLPLWVRISURSHOOHUVIOH[LEOHSDGGOHVDQG3LWRW
WXEHV FI 6KHSDUG :LOVRQ /LHEVFK HW DO  6SHHG RI PRYHPHQW H[SRVHV DQLPDOV
GLIIHUHQWLDOO\WRFRQGLWLRQVDQGHTXDWHVWRWKHVTXDUHURRWRISRZHU1HZVHQVRUVQHHGQRWEH
OLPLWHG WR H[WHUQDO VDPSOLQJ V\VWHPV HLWKHU $QLPDO VNLQDVVRFLDWHG µSDWFKHV¶ DUH EHLQJ
LQFUHDVLQJO\XVHGLQODEVFHQDULRVWRORRNDWSK\VLRORJLFDOYDULDEOHVVXFKDVVWUHVVKRUPRQHV
DQGRWKHUFKHPLFDOV/HH%DNK%LVNHU%URZQ	6WUDQRVRPHWKLQJWKDWZRXOGILQG
JUHDWUHVRQDQFHLQZLOGDQLPDOVWXGLHV:HVHHKXJHVFRSHIRUFURVVIRVWHULQJEHWZHHQWKHVH
ILHOGV EXW WKHUH DUH VXEVWDQWLDO FKDOOHQJHV DV PDQ\ RI WKHVH DSSOLFDWLRQV VXFK DV WKRVH
GHYHORSHGIRUKXPDQVWXGLHV1LNLWD<DQJUHTXLUHSRZHUIXOUHDGHUVWKDWRSHUDWH
DWFORVHUDQJHDQGWHQGWREHVHYHUHO\EDWWHU\OLPLWHG)LQDOO\WDJVQHHGWREHDEOHWRGURSRII
PRUHURXWLQHO\DQGEHUHFRYHUHGUHOLDEO\RYHUODUJHVSDWLDOVFDOHVWRREWDLQWKHODUJHDPRXQW
RIUHFRUGHGGDWD7KLVPD\DOVRVDYHWKHDQLPDOWKHVWUHVVRIEHLQJUHFDSWXUHGDQGKDYLQJWR
FDUU\WKHWDJVIRUORQJHUWKDQQHFHVVDU\ZLWKDOOWKHWDJGHWULPHQWLVVXHVWKDWWKLVHQJHQGHUV

Improved ethical and animal welfare methodologies 
$OWKRXJK VHQVRU WHFKQRORJ\ LV DGYDQFLQJ UDSLGO\ WKH HWKLFV RI ELRORJJLQJ LV VWLOO D PDMRU
FRQFHUQERWK LQ WHUPVRI ILWWLQJ WKHGHYLFHZKLFKRIWHQUHTXLUHVFDSWXUHDQGWKHHIIHFWVRI
FDUU\LQJ D ELRORJJHU IRU WKH VWXG\ VXEMHFW $GYDQFLQJ PHWKRGRORJ\ LQ FDSWXUH DQG
FRQVLGHUDWLRQRIVWUHVVE\WKHDQLPDOLVVRPHWKLQJWKDWHFRORJLVWVFDQZRUNRQ%HLWUHGXFLQJ
KDQGOLQJWLPHVSURWHFWLQJDQHVWIURPSUHGDWRUVRUFRPSHWLWRUVZKLOHWKHDQLPDOLVXQDEOHWR
RUHYHQDGYDQFLQJUHPRWHWDJJLQJPHWKRGVZKHUHWKHDQLPDOGRHVQRWQHHGWREHKDQGOHG$Q
2SWLPDOXVHRIELRORJJLQJLQPRYHPHQWHFRORJ\


DGGLWLRQDO OLPLWDWLRQ LV WKDW PRVW GHYLFHV VWRUH GDWD RQERDUG QHFHVVLWDWLQJ UHFDSWXUH RI
DQLPDOV DQG WKH UHFRYHU\ RI WKH XQLWV ,PSURYLQJ WKH DELOLW\ RI WKHVH GHYLFHV WR UHPRWHO\
WUDQVPLWGDWDZRXOGLPSURYHWKHLUDSSOLFDELOLW\DQGUHGXFHLQYDVLYHQHVVWKRXJKPD\UHTXLUH
DGGLWLRQDOZHLJKWLQWHUPVRIHOHFWURQLFVDQGEDWWHU\2IJUHDWHUFRQFHUQDUHWDJVZKLFKUHTXLUH
VXUJLFDO LPSODQWDWLRQ LQFOXGLQJ KHDUWUDWH DQG LQWHUQDO WHPSHUDWXUH ORJJHUV 7KRXJK UHFHQW
DGYDQFHV KDYH OHG WR WKH GHYHORSPHQW RI VXUJLFDOO\ LPSODQWHG VHQVRUV HYHQ PHDVXULQJ
QHXURORJLFDO DFWLYLW\ ZKLFK PD\ IXUWKHU RXU XQGHUVWDQGLQJ RI WKH PHFKDQLVPV EHKLQG
EHKDYLRXUEXWDWZKDWFRVWIRUWKHDQLPDO"

$ UHODWHG NH\ OLPLWDWLRQ WR FXUUHQW ELRORJJLQJ GHYLFHV LV H[SUHVVHG E\ WKH µPHDVXUHPHQW
HIIHFWVSHUIRUPDQFH¶SDUDGLJP:LOVRQ*UDQW	'XII\YLD IRUH[DPSOH LQFUHDVHG
PRYHPHQWFRVWV IRU WKHDQLPDO WKURXJKDGGLWLRQDOPDVV ORDGLQJRU WKH µGUDJ¶RI WKHGHYLFH
%DUURQ %UDZQ 	 :HDWKHUKHDG  9DQGHQDEHHOH HW DO  SURGXFLQJ QRQ
UHSUHVHQWDWLYHGDWD7KHUHDUHDOVRRWKHULPSRUWDQWPRUDODQGHWKLFDOFRQVLGHUDWLRQVWRDQLPDO
GHWULPHQW&RRNHHWDO:LOVRQHWDOVXFKDVFXPXODWLYHHIIHFWVDVDUHVXOWRI
UHWDJJLQJ DQG ORQJWHUP HIIHFWV GHFUHDVHG VXUYLYDO DQGRU OLIHWLPH UHSURGXFWLYH VXFFHVV
ZKLFKPD\QRWEHHDVLO\HYLGHQWIURPVKRUWWHUPFKDQJHVLQPRYHPHQWDQGDFWLYLW\SDWWHUQV
7KXVWKHFXUUHQWµUXOHRIWKXPE¶EDVHGRQERG\ZHLJKWIRUDHULDODQGWHUUHVWULDODQLPDOV
UHVSHFWLYHO\ LV QDwYH %RGH\ HW DO  DQG ZLOO QHHG WR EH LPSURYHG XVLQJ PRUH
FRPSUHKHQVLYHLQIRUPDWLRQRQWDJHIIHFWVEDVHGRQSK\VLFDOSULQFLSOHVHJYLDFRPSXWDWLRQDO
IOXLGG\QDPLFV WRDFFRXQW IRUGUDJ.D\HW DO  FRQVLGHULQJ DOVR WKHRIWHQQHJOHFWHG
HIIHFWV RI WDJ DWWDFKPHQW LWVHOI 9DQGHQDEHHOH HW DO  ,Q WKH PHDQWLPH FHUWDLQO\
UHVHDUFKHUVZLOOKDYHWREHWWHUH[SORLWWKHRQJRLQJPLQLDWXULVDWLRQWRUHGXFHWKHUHODWLYHPDVV
RIWKHGHYLFHVDWWDFKHGWRDQLPDOV3RUWXJDO	:KLWH(TXDOO\LPSRUWDQWUHVHDUFKHUV
VKRXOGFRQVLGHULIDQHZWDJJLQJVWXG\LVQHFHVVDU\RULIWKHTXHVWLRQFDQEHDQVZHUHGXVLQJ
H[LVWLQJ SXEOLVKHG GDWD RU WKURXJK GDWD VKDULQJ ZKLFK ZLOO UHTXLUH WKH GHYHORSPHQW RI
PDUNHGO\LPSURYHGGDWDVWDQGDUGVIRUELRORJJLQJGDWDVHHSUHYLRXVVHFWLRQ)LJXUH

Lifetime tracking, real-time processing and remote data transmission 
$V ELRORJJLQJ WHFKQRORJ\ FRQWLQXHV WR DGYDQFH WKH DELOLW\ WR VWXG\ DQ LQGLYLGXDO RU
SRSXODWLRQ WKURXJKRXW WKHLU HQWLUH OLIH IURP FRQFHSWLRQ WR GHDWK EHFRPHV D PRUH UHDOLVWLF
SRVVLELOLW\6XFKODUJHVFDOHWDJJLQJKDVPDMRUHWKLFDOLPSOLFDWLRQVDVQRWRQO\DVPDOOVXEVHW
LVDIIHFWHGEXWDQHQWLUHJURXSFRPPXQLW\RUSRSXODWLRQ(VSHFLDOO\ IRUVLPLODU ODUJHVFDOH
TXHVWLRQV UHVHDUFKHUV ZRXOG EHQHILW IURP HQKDQFHG EDQGZLGWK IRU WUDQVPLWWLQJ GDWD cf
2SWLPDOXVHRIELRORJJLQJLQPRYHPHQWHFRORJ\


2¶'RQRJKXH 	 5XW]  DQ HOHPHQW WKDW LV DOUHDG\ EHLQJ WULDOOHG ZLWKLQ WKH ,&$586
V\VWHP:LNHOVNLHWDO,QWDQGHPZLWKWKLVFRPHVVPDUWRQERDUGGDWDSURFHVVLQJHJ
&R[HWDOZKLFKKDV WKHSRWHQWLDO WRPDUNHGO\ LQFUHDVHWKH WHPSRUDODQGWD[RQRPLF
UDQJHRIGDWDZKLFKFDQEHFROOHFWHG7KHFRPELQDWLRQ WKHUHLQRI UHDOWLPHSURFHVVLQJDQG
WUDQVPLVVLRQRIGDWDZLOOQRWRQO\HQDEOHVFLHQWLVWVWRG\QDPLFDOO\DGDSWH[SHULPHQWVEXWKDV
DSSOLFDWLRQVLQFRQVHUYDWLRQDQGPDQDJHPHQW

Improving the theoretical and mathematical foundations of movement ecology 
3HUKDSVWKHPRVWH[FLWLQJDVSHFWRIELRORJJLQJLVWKDWWKHGDWDULFKDSSURDFKGULYHQE\DQLPDOV
ZLOOQRWRQO\KHOSXVWRXQGHUVWDQGZK\DQLPDOVGRZKDWWKH\GRSLQSRLQWLQJGULYHUVWKDWUDQJH
IURP LQWHUQDO VWDWH UHVSRQVHV WR SDQRFHDQ EDVLQ DWPRVSKHULF FRQGLWLRQV EXW WKDQNV WR DQ
LPSURYHGPHFKDQLVWLFXQGHUVWDQGLQJZHPLJKWDFWXDOO\EHDEOHWRSUHGLFWDQLPDOUHVSRQVHVWR
IXWXUH FRQGLWLRQV 7R GR VR ZLOO UHTXLUH D ODUJH LPSURYHPHQW LQ WKH WKHRUHWLFDO DQG
PDWKHPDWLFDO IRXQGDWLRQV RI PRYHPHQW HFRORJ\ WR LQFOXGH WKH ULFK VHW RI KLJKIUHTXHQF\
PXOWLYDULDWHGDWDZKLFKJUHDWO\H[SDQGWKHIXQGDPHQWDOO\OLPLWHGDQGFRDUVHGDWDWKDWFRXOG
EHFROOHFWHGXVLQJORFDWLRQRQO\WHFKQRORJ\VXFKDV*36,QSDUWLFXODUWKHUHLVDFOHDUV\QHUJ\
EHWZHHQ ORFDO VPDOOVFDOH LQIRUPDWLRQ SURYLGHG E\ VHQVRUV DQG ODUJHVFDOH LQIRUPDWLRQ
SURYLGHGE\IRUH[DPSOHUHPRWHVHQVLQJGDWD+RZWROLQNDQGSUHGLFWSURFHVVHVRFFXUULQJ
DFURVVGLIIHUHQWVFDOHVLVDFHQWUDOTXHVWLRQLQHFRORJ\/HYLQ\HWGLIILFXOWWRDGGUHVV
ZLWK WKH NH\ LVVXHV EHLQJ WR LGHQWLI\ WKH FRUUHFW PHVRVFRSLF VFDOH FRQQHFWLQJ PLFURVFRSLF
SURFHVVHV WR PDFURVFRSLF SDWWHUQV 7KLV LV WKH FDVH HYHQ IRU µVLPSOH¶ SK\VLFDO V\VWHPV
FRQVWLWXWHG RI LGHQWLFDO SDUWLFOHV ZKHUHDV ELRORJLFDO V\VWHPV DUH LQVWHDG IXQGDPHQWDOO\
FKDUDFWHULVHG E\ DGGLWLRQDO LQWUD DQG LQWHUVSHFLILF KHWHURJHQHLW\ 0RYHPHQW HFRORJLVWV
WKHUHIRUH KDYH WR GHDO ZLWK SURFHVVHV ZKLFK VSDQ PXOWLSOH VFDOHV RI VSDWLRWHPSRUDO DQG
ELRORJLFDO FRPSOH[LW\ 7RUQH\ +RSFUDIW 0RUULVRQ &RX]LQ 	 /HYLQ  +HQFH
GHPDQGLQJ \HW H[FLWLQJ FKDOOHQJHV OLH DKHDG IRU LQWHJUDWLQJ QRYHO ELRORJJLQJ GDWD ZLWK
HFRORJLFDOTXHVWLRQV:HPD\QRZKDYHDFFHVVWRYDVWO\LPSURYHGLQIRUPDWLRQIRUZLOGDQLPDO
ELRORJLVWVWRSUHGLFWSURFHVVHV

Improved multi-disciplinary collaborations 
&ROODERUDWLRQ LV NH\ WR WKH IUDPHZRUN¶V VXFFHVV DV D WRRO IRU RSWLPLVDWLRQ RI ELRORJJLQJ
VWXGLHV$WWKHVDPHWLPHHFRORJLVWVFDQIHHGQHZGHYHORSPHQWVEDFNWRRWKHUGLVFLSOLQHVHJ
DVLQVSLUDWLRQIRUQHZWKHRUHPV&RKHQ6WXUPIHOVRUIRUELRORJLFDOO\LQVSLUHG
HQJLQHHULQJ%LRQLFVVXFKDVQHZPRGHOVRIQDYLJDWLRQLQVSLUHGE\DQWV(VWHUOH\0F&UHHU\
2SWLPDOXVHRIELRORJJLQJLQPRYHPHQWHFRORJ\


	1DJSDORULPSURYHGFROOHFWLYHGHFLVLRQPDNLQJLQURERWVZDUPV(EHUW*DXFL	
1DJSDO  ,QGHHG DFWLRQV WR EULQJ WRJHWKHU PXOWLGLVFLSOLQDU\ JURXSV RI H[SHUWV DUH
JDWKHULQJPRPHQWXPLQPRYHPHQWHFRORJ\WKHVHLQFOXGHWKH(8&267DFWLRQVIURP029(
WR GHYHORS LPSURYHG PHWKRGV IRU NQRZOHGJH GLVFRYHU\ IURP PRYLQJ REMHFWV DQG ELJ GDWD
ZZZFRVWHX&267B$FWLRQVLFW,&ZLWKVLPLODULQLWLDWLYHVLQWKH(XURSHDQ1HWZRUNIRU
5DGDU6XUYHLOODQFHRI$QLPDO0RYHPHQWKWWSZZZHQUDPHXWKH6SHFLDO,QWHUHVW*URXS
LQ 0RYHPHQW (FRORJ\ RI WKH %ULWLVK (FRORJLFDO 6RFLHW\
ZZZEULWLVKHFRORJLFDOVRFLHW\RUJPHPEHUVKLSFRPPXQLW\VSHFLDOLQWHUHVW
JURXSVPRYHPHQWHFRORJ\ DQG WKH ,QWHUQDWLRQDO %LR/RJJLQJ 6RFLHW\ ZZZELR
ORJJLQJQHW


&RQFOXVLRQ
:HKDYHLUHYLHZHGKRZWRRSWLPLVHWKHXVHRIELRORJJLQJWHFKQLTXHVIRUHFRORJLVWVWREH
DEOHWRWDNHIXOODGYDQWDJHRIWKHSDUDGLJPFKDQJLQJRSSRUWXQLWLHVRIELRORJJLQJVHQVRUVIRU
HFRORJLFDOUHVHDUFKDQGLLV\QWKHVLVHGWKLVLQWRDQ,QWHJUDWHG%LRORJJLQJ)UDPHZRUN,%)
IRU PRYHPHQW HFRORJ\ UHVHDUFK :H KLJKOLJKWHG WKH PDQ\ QHZ DQG RIWHQ XQH[SORUHG
RSSRUWXQLWLHVWRDGGUHVVELRORJLFDOTXHVWLRQVXVLQJWKHPRVWDSSURSULDWHVHQVRUVDQGVHQVRU
FRPELQDWLRQVHVSHFLDOO\XVLQJPXOWLVHQVRUDSSURDFKHVDQHZIURQWLHULQELRORJJLQJUHVHDUFK
*LYHQWKH WHFKQRORJLFDOFRPSOH[LWLHVDQGUDSLGSDFHRIDGYDQFHPHQWRI WKHILHOGKRZHYHU
HVWDEOLVKLQJ PXOWLGLVFLSOLQDU\ FROODERUDWLRQVZLOO EHSDUDPRXQW IRU HFRORJLVWV ± DQG DW WKH
VDPH WLPH WKH ODWWHU FDQ WKHUHE\ PRUH HIILFLHQWO\ JXLGH IXWXUH WHFKQRORJLFDO DQG
PHWKRGRORJLFDODGYDQFHPHQWVWRDGGUHVVELRORJLFDOTXHVWLRQV&ORVHO\OLQNHGWRWKHLVVXHRI
PDWFKLQJHFRORJLFDOTXHVWLRQVZLWKVHQVRUVLVGHYLVLQJDJRRGH[SHULPHQWDOGHVLJQXSIURQW
7KLVLQYROYHVPXOWLSOHFORVHO\FRQQHFWHGFKDOOHQJHVIURPWDJGHVLJQDQGVDPSOLQJUHJLPHWR
WKH LPSRUWDQW UHODWHG HWKLFDO DQG DQLPDOZHOIDUH FRQVLGHUDWLRQV DQG WKH FKDOOHQJHV RI GDWD
VKDULQJ /LQNLQJ QHZ ELRORJJLQJ GDWD W\SHV WR WKH PRVW DGHTXDWH DQDO\WLFDO WHFKQLTXHV
SUHVHQWVPDQ\QHZDQGRIWHQXQVROYHGLVVXHVLQSDUWLFXODUDQGZLOOUHTXLUHPXOWLGLVFLSOLQDU\
FROODERUDWLRQVWRWDFNOHWKHµELJGDWD¶SUREOHPDQGLPSURYHWKHWKHRUHWLFDODQGPDWKHPDWLFDO
IRXQGDWLRQVRIPRYHPHQWHFRORJ\7KHWDVNVDKHDGDUHFKDOOHQJLQJEXWDFOHDUSRWHQWLDOH[LVWV
IRU D YDVWO\ LPSURYHG PHFKDQLVWLF XQGHUVWDQGLQJ RI DQLPDO PRYHPHQWV DQG WKHLU UROH LQ
HFRORJLFDOSURFHVVHVIURPZKLFKZHFDQEXLOGXQSUHFHGHQWHGDQGUHDOLVWLFSUHGLFWLYHPRGHOV


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)LJXUH The Integrated Bio-logging Framework (IBF) for optimal use of bio-logging in 
movement ecology. Researchers may take a question-driven approach, beginning with a 
hypothesis, then selecting the appropriate sensor and analysis techniques. Alternatively, a 
data-driven approach can be taken, by allowing existing data to inform further hypotheses and 
data collection. The framework operates via collaboration between disciplines in a system of 
feedback loops, though these collaborative links are not exclusive to any particular node. 
 
2SWLPDOXVHRIELRORJJLQJLQPRYHPHQWHFRORJ\




)LJXUHA question-driven approach to the IBF for optimal study design using bio-logging. 
In this example, ecologists begin with their question of focus (top of Figure 1), in this case an 
investigation into the effect of internal state on movement decisions, and select the appropriate 
external and internal sensors for data collection. Here, sensors should be sensitive to different 
aspects of an animal’s movement that relate to their internal state, perceived information and 
the movement that may result from a particular decision. Selection of the sensors requires 
strong collaboration between ecologists and engineers (right-hand symbols). Simultaneously 
(bottom of Figure 1), ecologists should work with those analysing the data (e.g. physicists, 
mathematicians, statisticians, computer scientists) in the process of designing the data 
collection, to ensure the correct data are gathered that can answer the question using the 
analytic tools available. 
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)LJXUH A data-driven approach to the IBF for optimal study design using archived bio-
logging data. In this example, ecologists begin by selecting appropriate data types for the study 
of movement patterns in relation to environmental measures at local and global scales. 
Understanding and predicting how animals respond to global change, including climate and 
land-use change, requires multiple data collected over a range of temporal and spatial scales. 
In this case, ecologists start at the central nodes of the IBF (Figure 1) to collate archived data 
and collaborate with mathematicians, statisticians and geographers (right-hand symbols) to 
implement the appropriate processing and analytical techniques to interrogate the data and 
identify patterns by which several questions may be approached. Following this, ecologists 
may work with other disciplines to deploy additional bio-logging sensors to collect data that 
complement the shared data. 
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
)LJXUHVisualisation of sensor and location data. A number of schematic plots of varying 
axes and information types to visualise data of a seabird in flight that plunge-dives in pursuit 
of prey. A) Logged sensor outputs (acceleration (g), magnetometry (µT), altitude above sea 
level (m) derived from pressure data (kPa) and the inter-mandibular angle sensor IMASEN 
output (µT)) in a time series plot. Peaks in dynamic acceleration are associated with wing 
beats during take-off (red) and in flight (yellow), as well on impact with the sea surface in 
plunge-dives (aqua blue). During the dive, as indicated by the negative altitude above sea level 
(ASL; purple) the bird may pursue prey (dark purple), as indicated by increased variation in 
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
acceleration and heading, from the magnetometer output. A successful prey capture attempt is 
evident in the peaks in the IMASEN signal output, as the bird opens its bill to capture the prey 
(yellow asterisk). B) The behaviours are classified and presented in an ethogram to show 
temporal variation in behaviour (this serves as a key for the schematic). Further to these time 
series plots, different sensor outputs can be combined, along with derived metrics, in various 
multi-axes visualisations to reveal patterns in behaviour. We present three examples (C-E) for 
data visualisation in multi-dimensional space and two for geographic space (F-G): C) a 
circular plot of heading on an m-sphere (magnetometry; Williams et al., 2017), where height 
of the bar is the magnitude of the extent of movement (DBA), the most active behaviours for 
this bird are foraging and diving, which occur at opposite headings; D) a g-sphere (static 
acceleration data) or Dubai plot, where a frequency histogram of static acceleration is 
resolved in tri-axial space (Wilson et al., 2016) and peaks show the most common postures for 
each behaviour; E) a g-sphere where distance from the surface of the sphere is relative to the 
depth below sea level, where colour indicates different behaviours in the dive, so that through 
the dive there is a shift in posture, and a greater variation in posture and depth during the prey 
pursuit (coloured by time in greyscale, bottom right); F) 3D movement path during for the 
foraging trip; G) 2D flow visualisation of foraging path, where thicker paths are more 
commonly used for the different behaviours (Verbeek, Buchin, & Speckmann, 2011). 
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